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AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS 


No, 847 


THIRTY-SIXTH ANNUAL MEETING, 1930 


Tvs 36th Annual Meeting of the AMERICAN Society OF HEATING AND 
VENTILATING ENGINEERS, held at the Benjamin Franklin Hotel, Phila- 
delphia, January 28 to 31, 1930, was one of the most successful meetings 

of the Society. While the First International Heating and Ventilating Exposi- 
tion, held in conjunction with the Annual Meeting, helped to bring registranun 
to the impressive total of 1,093, more than double the attendance at any pre- 
ceding meeting, it is also true that the previous record for registration was 
held by Philadelphia for nine years. 

During the seven business and technical sessions of the four-day meeting the 
three outstanding accomplishments were : (1) Acceptance of the Code for Rating 
Heating Boilers using Solid Fuel; (2) Adoption of a Standard Code for 
Testing and Rating Steam Unit Heaters; (3) Approval of New Regulations 
for the Research Laboratory. 

Among the other subjects discussed were papers on: heat transmission, sal- 
vaging of steam, infiltration, piping for hot water heating systems, temperature 
regulation, air conditioning and fan furnace heating. 

Pres. Thornton Lewis opened the meeting, and greetings in behalf of the 
Philadelphia Chapter were extended by J. C. Cassell, honorary chairman of 
the Committee on Arrangements. The response was made by Vice-Pres. L. A. 
Harding, after which numerous communications from prominent Society mem- 
bers were read. 

R. A. Wolff, chairman of the Tellers of Election, presented the following 
report: 


Report of Tellers of Election 


The Board of Tellers of Election appointed by Pres. Thornton Lewis, have 
"'; 
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examined the ballots of members eligible to vote and take pleasure in rendering the 
following report: 

For President—L. A. Harding, 674. 

For First Vice-President—W. H. Carrier, 672. 

For Second Vice-President—F. B. Rowley, 675. 

For Treasurer—C. W. Farrar, 671. 

For Members of the Council (for 3 years)—R. H. Carpenter, 673: J. D. Cassell, 
672; Alfred Kellogg, 672; John Howatt, 675. 

Members of Committee on Research—C. V. Haynes, 660; W. T. Jones, 666; 
J. F. McIntire, 665; F. N. Speller, 663; A. C. Willard, 662. 


Scattering votes were recorded for various other members. 
TELLERS OF ELECTION, 
R. A. Wotrr, 
J. V. CAvILEER, 
W. R. Murpay. 


The President’s Report was then read by Mr. Lewis, as follows: 


Report of President 


First, I desire to thank the officers, the Presidents of the Chapters, the Chairmen 
and all the members of our various committees. All that this administration has 
accomplish is due to their loyalty to the Society and their untiring efforts in 
its behalf. 

Particular mention should be made of the work of W. T. Jones, Chairman of 
the Finance Committee; Samuel R. Lewis, Chairman of the Guide Publication Com- 
mittee; our Vice-President, L. A. Harding, who with his associates, R. V. Frost 
and F. C, Houghten, has worked so faithfully on the Boiler Rating Code; Prof. 
A. C. Willard, Chairman of the Publication Committee. 

Cecil W. Farrar’s work as Chairman of the Increase of Membership Committee 
speaks for itself. Through his efforts a number of members have been added to our 
roll. We now have the largest membership in the history of the Socrety. 

H. P. Gant, Chairman of the International Heating and Ventilating Exposition 
Committee, has, I am sure you will agree, done a splendid job and the Exposition 
will be a credit to the managers of the International Exposition Co. and to the Society. 

Last, but by no means least, I desire to mention the effective, efficient and untiring 
work of our Secretary, A. V. Hutchinson. He never forgets, never overlooks any- 
thing which the President should do. He is everywhere and anywhere he is needed or 
that a job is to be done for the Society. I fear our members who have not worked 
closely with our New York headquarters, do not fully appreciate the versatility and 
general ability of Mr. Hutchinson. May I commend Mr. Harding to his good 
ministrations. 

Your President has visited all the Chapters excepting only the one on the 
Pacific Coast. 

There are no recommendations to the Society that I wish to leave on record; 
perhaps they never would be read, anyway. The policies inaugurated by this adminis- 
tration, if good, will continue; if not, they deserve to meet a timely end. 

May I, however, summarize the chief thoughts which have actuated your 
President : 

lst—To encourage the establishment of a Society Endowment Fund. 

2nd—To further co-operation with other organizations, such as the U. S. Public 

Health Service, the Heating and Piping Contractors National Association, 
the National Warm Air Heating Association, the American Oil Burner 
Association, the National Association of Fan Manufacturers, the Boiler 
and Radiator Institute, the Industrial Unit Heater Manufacturers Asso- 
ciation and many others. 
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3rd—To urge all members to interest the younger men of our industry in becom- 
ing members of our Society. They need the Society today, and we need 
them, for they will be the engineers, executives and manufacturers of 
tomorrow. 
Conscious of the honor you have done me, the support you have given fe, and 
the generosity of thought bestowed in judging my actions, may I show a slight bit 
of my appreciation by making this the shortest Presidential report on record. 
Respectfully submitted, 
TuHorNTon Lewis, President. 


Two reports, that of the Secretary and Council, were then read by A. V. 
Hutchinson, Secretary, as follows: 












































Report of Secretary 


With the expansion of the Society’s activities and the necessarily increased 
staff, 1929 has been productive in the completion of a number of Society projects, 
which have been under discussion and preparation for a considerable time. 
unusual burden has been successfully handled in the installation of a new system of 
records in the Headquarters Office, and 50 per cent more membership applications 
were handled than in the year previous. 

The numerous details connected with the change in publication method of 
THE JouRNAL of the Society during two-thirds of the year have been successfully 
handled through the splendid co-operation of the publishers and the staff. 

Since the last meeting, the Code of Minimum Requirements for the Heating 
and Ventilation of Buildings has been printed and mailed, as well as Volumes 33 
and 34 of the Transactions for 1927 and 1928, a Code for Testing and Rating 
Steam Unit Heaters has been prepared and distributed to the membership, as well 
as the Report of the Continuing Committee on Testing and Rating Low Pressure 
Heating Boilers. 

The Secretary has had the opportunity of visiting every Chapter except the 
Pacific Northwest group and has greatly enjoyed the personal contact with the 
members. 

The interest in Chapter activities is particularly keen at present and inquiries 
have come from Baltimore, Montreal, Los Angeles and San Francisco about the 
possibility of establishing Chapters in those cities. 

The rapid advance of the heating and ventilating industry, which is so graphi- 
cally demonstrated in the Exposition, has stimulated interest in many quarters, and 
it is especially noticeable in the number of colleges that are establishing heating and 
ventilating classes and also doing research in heating and ventilating problems. 

: The necessity for greater outside contacts by the Society is evident if the organi- 
zation is to maintain its leadership. 

Respectfully submitted, 
A. V. Hutcuinson, Secretary. 


Report of the Council 


Since the organization meeting, January 31, 1929, in Chicago, the Council has 
held seven meetings and passed on many important questions affecting the operation 
of the Society with the result that the organization is found at a high point in its 
career in respect to strength of membership and financial stability. 

A number of special committees were appointed on specific problems, among which 
were the Committee to Establish a Society Endowment Fund, Committees to Prepare 
Code for Testing Unit Heaters, Concealed Radiators, Unit Ventilators, and a Com- 
mittee on Natural Ventilation. 

One of the special problems of the Council is the increase of membership and 
the retaining of the interest of the older members. 
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A special committee, headed by C. W. Farrar, was assigned to interest the right 
kind of men who would qualify to join the. Society, and another committee, headed 
by F. D. Mensing, was assigned the difficult problem of communicating with delin- 
quent members. 

The results in both cases have been most gratifying and the members are 
indebted to these committees for their splendid work. 

Matters of special importance to the membership were the change in the monthly 
JouRNAL of the Society and its incorporation as a part of the magazine, Heating 
. Piping & Air Conditioning, starting in May, 1929; arrangements for the Heating and 
Ventilating Exposition; and the participation of the Society in the World Engineering 
Congress at Tokio, where a paper was presented by W. H. Carrier and prepared by 
a committee of members of the Society under the direction of Mr. Carrier. 

One of the important actions taken by the Council was in reference to the issuance 
of publicity material by the U. S. Public Health Service, resulting in a conference by 
a committee of Society members and Surgeon General Cummings, resulting in the 
preparation of a bulletin in co-operation with members of the Public Health Service, 
giving the present status of ventilation standards for application in schoolroom heating 
and ventilating. 

The Council accepted the invitation of the Minnesota. Chapter to hold the Semi- 
Annual Meeting 1930 in Minneapolis, and through its committee handled routine 
assignments of budget preparation, election of members, and publication of Transac- 
tions and technical meeting programs. 

Through the individual reports of various Council Committees, the Society 
members will find that the activities of the Society have been of greater scope this 
year than in any other year, that the assets of the Society have increased over the 
previous year, and that the gain in the Society’s General Fund through profits of 
the Publication Department have been substantially increased. 

The opportunity for the Society to perform greater public service is evidenced 
by the interest of the public in its activities and the substantial increase in membership 
resulting this year indicates that the Society’s service to the individual member is 
recognized. 

Respectfully submitted, 
L. A. Harpinc, Chairman, Executive Committee. 


President Lewis paid tribute to the work of C. W. Farrar, as chairman of 
the Committee on Increase of Membership, stating that for some time there 
had been no increase in the membership of the Society, and the Committee had 
increased the membership about 10% per cent. It was pointed out that the 
Committee secured a total of 363 applications, 75 of whom had affiliated during 
the first two months, 166 having affiliated before the first of the year, so that 
although 1930 was started with 1,995 members, a gain of only seven over 
January 1, 1929, the result of Mr. Farrar’s work was just beginning to show; 
and from January 1, 1930 to March 1, 1930, 75 members had affiliated, making 
the membership 2,070, the largest in the history of the society. There were 
122 application still to be acted upon by the Membership Committee. 


Report of Committee to Investigate Cause of Loss of Membership 
in the Society 


Your committee on Loss of Membership would report that in compliance with 
the request of your president, Thornton Lewis, it made investigations into the reasons 
underlying the loss of membership due to accumulated back dues, and finally 
summed the reasons as follows: 

1. Loss of interest in the Society due to change in business and like causes. 

2. A feeling of resentment against the Society due to a misunderstanding of 

the Constitution and By-Laws of the Society. 

3. Financial difficulties due to unemployment. 
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The approach in all cases was made to the delinquent members by means of 
friends, more particularly the proposers or seconders to the petitions of the delinquent 
members when this was possible. The financial returns of this campaign have been 
most satisfactory. 

This can be best exemplified in its relation to its work in the Research Labora- 
tory. The Laboratory, as you know, gets 40 per cent of the membership dues. The 
returns to the Research Laboratory for the past three years are as follows: 


RES OS tree ine aioteas SPARES $ 13,513.54 
A Rees tr ae rh We fishes teal Yea e 12,722.96 
Bee EOE DOD BED so ska ce doicdsscsccccdsnsasdacess 209,494.52 
Respectfully — 
January 28, 1930. F. D. MENsING. 


President Lewis expressed appreciation for the excellent my of W. T. Jones, 
chairman of the Finance Committee, who then presented his report as follows: 


Report of Finance Committee 


W. T. Jones explained the difficulty of obtaining a complete audit between the 
time of closing the books on January 1, and the day of the report of his Committee 
on January 28. He then submitted in abstract the report of the Finance Committee, 
bringing out the important features of the operating statements of Society and 
Publication activities as summarized in the Report of the Certified Public Accountant. 

President Lewis added that the agreement with the publishers of the JourRNAL 
of the Society had resulted in a profit to the Society of over $7,000 on eight months’ 
operation after deducting the cost of members’ subscriptions. 


Report of Committee on Research 


Four meetings of the Committee on Research were held during the past year. 
At the first meeting in Chicago during the last Annual Meeting of the Society, plans 
for the work of the year were discussed. 

Seven members of the Committee attended a meeting in Pittsburgh during the 
time of the Open House at the Research Laboratory, November 4, 1929. The work 
of the several technical advisory committees and the work carried on at the Society’s 
Laboratory and in the cooperating university laboratories was discussed and plans 
perfected for the future. 

A third meeting of the Committee in Buffalo on December 20 was attended by 
11 members. A number of matters of vital importance to the future progress of the 
Laboratory were discussed at this meeting. A committee made up of D. S. Boyden, 
Chairman, Philip Drinker, R. S. Franklin, and assisted by W. T. Jones was 
appointed to revise and bring up to date the regulations for the guidance of the 
Committee on Research in the opefation of the Research Laboratory. The proposed 
regulations after approval by the Council are to be presented to the Society at the 
annual meeting for adoption. 

It was decided at this meeting that the Research Laboratory should engage in 
research and testing for associations and also for individuals and firms or corpora- 
tions under certain restrictions as provided by the new regulations, who wish to 
finance the work involved. In this connection, it was agreed that the Laboratory 
would, when requested, carry on certain research and testing desired by the Heating 
and Piping Contractors National Association. 


It was also decided at the Buffalo meeting of the Committee to recommend to 
the Council of the Society the appointment of a full-time paid executive secretary 
to the Research Committee in order to relieve the chairman of many of the routine 
burdens of his office and to make a more concerted effort to obtain funds for 
the research activity of the Society and give more effective publicity to the work of 
the Laboratory. 

This Laboratory has 12 research projects under investigation or under considera- 
tion for investigation. The work on these problems is outlined by the. following 
technical advisory committees : 

Temperature, Humidity and Air Motion: W. H. Carrier, Chairman; O. W. Armspach, S. 
C. Bloom, C. A. Bulkeley, Philip Drinker, W. A. Rowe, Perry West. 
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Infiltration: G. L. Larson, Chairman; A. W. King, A. P. Kratz, L. B. Lent, W. C. Randall. 

Heat Transmission: A. P. Kratz, Chairman; D. R. Brewster, F. B. Rowley, C. G. Segeler, 
Perry West. 

Pipe Sizes for Heating Systems: H. M. Hart, Chairman; S. E. Dibble, R. S. Franklin, 
F. E. Giesecke, C. V. Haynes, R. C. Morgan. 

Heating and Ventilation in Its Relation to Health and Comfort: Philip Drinker, Chairman; 
John Aeberly, O. W. Armspach, C. P. Yaglou. 

Radiation: R. A. Wolff, Chairman; C. W. Brabbée, R. V. Frost, A. C. Willard, C. H. 
B. Hotchkiss, J. F. McIntire, F. D. Mensing. 

Garage Ventilation: E. K. Campbell, Chairman; W. H. Carrier, E. B. Langenberg, Thorn- 
ton Lewis. 

Air Cleaning Devices: F. B. Rowley, Chairman; H. E. Birkholz, Albert Buenger, E. V. 
Hill, H. C. Murphy. 

Atmospheric Dust and Smoke: E. B. Langenberg, Chairman; E. V. Hill, S. R. Lewis, 
H. C. Murphy. 

Oil Burning Devices: L. E. Seeley, Chairman; James Breese, Jr., G. S. Meikle, H. L. Tapp. 

Effect of Wind and Weather Conditions on the Heating Loads: R. S. Franklin, Chairman; 
W. L. Fleisher, J. F. Hale, E. B. Langenberg, S. R. Lewis, F. R. Still, A. C. Willard. 

Testing and Rating Unit Heaters: D. E. French, Chairman; O. K. Dyer, G. E. Otis, 
H. W. Page, W. A. Rowe, J. H. Schrock, L. C. Soule. 

Annual reports of the Technical Advisory Committees submitted to the Chairman 
of the Committee on Research are appended. 

A large part of the work of the Laboratory is now carried on in ten universities 
and colleges in accordance with contracts or cooperative agreements. The institutions 
cooperating with the Laboratory during the past year and the projects on which they 
worked are as follows: 

Armour Institute of Technology—Measurement of air flow through registers and grilles. 

Carnegie Institute of Technology—Pipe sizes for steam heating. 

Harvard University—Vital characteristics of the atmosphere. 

University of Kentucky—Study of methods of testing unit heaters. 

University of Minnesota—Heat transmission through building construction; and the efficiency 

of air cleaning devices. 

Purdue University—Standardization of method of testing radiators. 

Agricultural and Mechanical College of Texas—Pipe sizes for hot water heating. 

Washington University—Garage ventilation in relation to carbon monoxide and fire hazards. 

Wisconsin University—The air leakage through walls. 

Yale University—Standardization of methods of testing oil burners. 

In each of these institutions with the exception of Carnegie Institute of Tech- 
nology, the research is under the supervision of the university which furnishes all 
overhead for the work in addition to one-half of the salaries of the investigators 
carrying on the work. 

Carnegie Institute of Technology cooperates to the extent of furnishing labora- 
tory space, heat, power and other facilities for the pipe size investigation which is 
carried on by the Research Laboratory staff. 

Besides the pipe size study which is carried on at Carnegie Institute of Tech- 
nology, the Laboratory staff is working on the following problems at the Research 
Laboratory in the Pittsburgh Experiment Station of the U. S. Bureau of Mines: 

(1) Heat and moisture losses from the human body and their relation to air conditioning 
problems. 

(2) Air leakage through a stucco and a hollow tile brick veneer wall. 

(3) Change in the conductivity of concrete with time. 

(4) The absorption of solar radiation by a wall or roof. 

During the past year the study of heat loss through walls with the Nicholls heat 


flow meter was discontinued and another phase of the heat transmission problem was 
taken up—namely, the study of surface transfer coefficients for various types of sur- 
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faces met with in building construction. In order to better understand heat transfer 
for these surface conditions a study was also undertaken of wind velocity gradients near 
a wall. The velocity gradients for a wind parallel to the wall surfaces has been com- 
pleted. Apparatus for measuring the surface heat transfer was constructed and some 
data on the subject collected. 

As a result of the cooperative work carried on by the Research Laboratory ten 
papers were presented to the Society during the year—five at the last summer meeting 
and five at the present annual meeting: 

Capacity of Radiator Supply Branches for One and Two-Pipe Systems, by F. C. Houghten, 

M. E. O’Connell and Carl Gutberlet. 
Determining Dust Quantities in Air by Prof. F. B. Rowley and John Beal. 
Heat and Air Volume Output of Unit Heaters, by L. S. O’Banmnon. 
Over-all Heat Transmission Coefficients as Determined by Test and by Calculation, by F. 
B. Rowley, A. B. Algren and J. L. Blackshaw. 

Pipe Sizes for Hot Water Heating Systems, by Prof. F. E. Giesecke and E. G. Smith 

Absorption of Solar Radiation in Its Relation to the Temperature, Color, Angle, and other 
Characteristics of the Absorbing surface, by F. C. Houghten and Carl Gutberlet. 

Air Infiltration Through Various Types of Brick Wall Construction, by G. L. Larson, D. 
W. Nelson and C. Braatz. 

Measurement of the Flow of Air Through Registers and Grilles, by L. S. O’Bannon. 

Pipe Sizes for Hot Water Heating Systems, by Elmer Smith. 

Surface Transmission Coefficients, by F. B. Rowley, A. B. Algren and J. L. Blackshaw. 


The results of the Laboratory’s study of relation of atmospheric condition to 
physiological reactions of man are of great interest to the medical and physiological 
profession and the results of the Laboratory’s study of heat and moisture loss from 
adults at rest were published in the April, 1929, American Journal of Physiology. A 
second paper on heat and moisture loss from men working has since been submitted 
for publication. 

Besides the results published during the year, the Laboratory has data on air 
leakage through walls, change of conductivity of concrete with time, and the capacity 
of pipe for the returns of steam heating systems. 

The finances of the Laboratory are in good shape. Receipts for the year were 
slightly greater than expenditures so that a little was again added to the surplus. 
Contributions pledged are reported as follows: 


Contributions to the A. S. H. V. E. Research Fund in 1929 


Name Amount 
I, TOO cari ahd sin rs0¥ 00844 4a ¥08ns besser ebeaatadedee tabbing eanved $ 100.00 
Ee SIS, ib 0.b 60: 0.00.0:84:6:4 584664454040 Awad CANIN C6166 bese e0bL0bRRS 600.00 
SEE IE My. 5 05 50.0'0-4.0:00546.06.005.58000 65 hE 4S 6550 404b5R-06 Un RK 0 Hees SeReED 1,000.00 
DD 94:0: 0:4.5486 a0 cdi ned ebeeiaas teens ce hnssabinenseneestat 200.00 
cE: SOE. 5 dine bs dodbhaan thbaheank hae bee hasdbikahadsnhimmbanee 50.00 
ee Ee Be Ghia ss nc 48940845 04468 eksn hs SeeReeRiebaKensass Mecwmhnes 150.00 
ES i as nas pis tid neat OEeemaain wadeeed Eben Kase ane Aeeut kein’ 200.00 
Se: GS EE TN Chin 000.8. kndnccndbnbne66nn600s 0000406465 60008bsse0nseue 50.00 
SM os hh 018 0-45.00:60:0:4506504066564S1EL OSA PEERNERCEEECC CET ONSEIMES ESSE 100.00 
SE EEE TID - « 6:6.0.0:6.60640664.50600003606600466 bebe Bebb EsStdenebensatiaganesee +» 250.00 
ee I GIN os onic poe bse 0656000500. 46006006500 055406 Sb08E050dar ted 300.00 
SR ENR cass Kanan dh cuad.0 tb andi Negba eoaebel eastern eal pbebascistipsedien cde-eoe 100.00 
’ COORG. TMG, o.0600s05d0stee keseuedd cede baheeebeneebeceeeatenane 100.00 
ee EN I ro k.no.c dnc ns 6548s poesbb'sGavaadseedeeddamnes Semen tee are aE 600.00 
Saree, Ceeuadieds TONt. GO, + +s6.0:0566asaen de dbenss bensteatsmtonesenaeseee 500.00 
ON OO, nk sn esn's pbdpas cee heeeoeehes Eds ROdbO 6S 404406 606K TSAR EEDS 250.00 
Sr EE, SE CDs hs. a Wib 64 pan benbad sees dcehaGes 6 ckestaasaseeneaseas genase 200.00 
Illinois Engineering Co. ............... B46 o0bendeatdeésGanssbeeediveieeapeminanere 300.00 
SED, . os kc anes ohasess nat neds ned 6 bkbe ase eseehsednennescasaseaakee 500.00 
ED, ME OWL bs cc Sic cccccecncceacend Geuhesed 0640006b0008600 0006 sdbes ROE 250.00 
I MEE WN on an 00 essacnsdokebebutng eto s oh40s4o550dshsesesbeonnascdeenss 300.00 
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ES Oe Fe ee ee Pee OTe Tee ET en ee ee $ 200.00 
CG od one and es ase asin aheaciagnn Can Ai ee AG ae eee nbn e qaeee- wee 335.00 
re: id ies ceeded shee eke rbhdd phkedeasdeeth bee eues Bee 322,87 
SE I EI b.n6.00:660:0:6:0:6-060 D465 460606 6046ERES OAK 1 2H06065406600508060608% 250.00 
DU Ml Ms 96s. 06 66666 bH0 546 0inc Gaheosenrchbedds 50dbdadhaneeesebensas tous 250.00 
ee RE See ine ee gree ere eee eee Te er ee ee er ret Seer 150.00 
SE CE MR ala c cdc ccdccdcasdeschoadpecensaebiweseboetesqasueecanasa 132.00 
eas ERI ee Pe Peete Ore ee ree ee ey ete eT 100.00 
NS os atin ee avdwe sade seeebddbatdeachedeceteraubesdeaauaddn 200.00 
a er ID ig Coiccc ct bas 6sbedeses dh bon edd entasadaesees Coen bended 750.00 
i PE Te cccupapencenshe06e650060600cesnbSCb000 cebentenssunekesdeeeues 50.00 
OER ok Duniliter aa Nakiska: Mebbakhs 4hibal Paiek eb ninth ddd paakinndss daeeencetods 200.00 
ge SS ee ERS Pe er ee OF CT Te ye ey hee 50.00 
Ventilating Contractors Employers Assn. of Chicago...........cccccececccececececeees 400.00 
UE Cubic uk 54 kabachndaed eas eduere gree Mee ertAs oa odd oa sc ace 6 daleaee Oe 100.00 
ND Oe Eg sc icccwecbanewnvc6bcccusaeetsb65.6666006066040060006b60540088 45 1,000.00 
er ee Ce TH Ga ob 0 5.0 'g 6 60:50. 6060. 505 0658406 600040 éGE ECAC SOs 400.00 


Report of the Certified Public Accountant 


January 21, 1930. 


AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
29 West 39TH STREET 
New York City 


Gentlemen : 

Pursuant to your request I made an examination of the books of account and 
records of the AMERICAN Society oF HEATING AND VENTILATING ENGINEERS, New 
York City, for the year ended December 31, 1929, and submit herewith the following 
exhibits and comments : 

Exhibit 
“a Balance Sheet, December 31, 1929. 
Schedule No. 1—Marketable Securities. . 
> Statement of Income and Expenses of the Society for the Year Ended December 


Schedule No. 5—Salaries. 
=. ——- Cf Income and Expenses of the Publications for the Year Ended December 
1, 192 
Schedule No. 2—Cost of Journat. 
Schedule No. 3—Cost of Guipe. 
Schedule No. 4—TRansactions. 
Schedule No. 5—Salaries. 
— Comparison of Budget, Society Activities. 
“— Comparison of Budget, Publications. 


CASH 

The Cash on Deposit was verified by direct communication with the following 
banks and reconcilement of the amount reported to me with the balances shown 
by the books of the Society : 


Bankers Trust Company, 42nd Street and Fifth Avenue, New York City............ $5,146.74 
Bank of America, N. A., 40th Street and Madison Avenue, New York City.......... 1,437.43 
ME Apiddees pediamidsnditetia lees tenes bende beul reat elese nia $6,584.17 


A count ‘was also made-of the Petty Cash on hand and found in agreement with 
the General Ledger Interest Fund account. 


MARKETABLE SECURITIES 


A schedule showing a list of investments made by the Society in Marketable 
Securities kept with the Bankers Trust Company for safekeeping is included as part 
of this report. The shrinkage in market value of the securities as of the close of 
aamnees, December 31, 1929, of $4,554.03 is not reflected in the attached Balance 

eet. 
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ACCOUNTS RECEIVABLE 

A trial balance was taken of the Dues Receivable from members as of December 
31, 1929, and classified as to the year invoiced. A summary of the dues is shown 
below: 


SE, ROE SNR conc kc ckcnececened ov cedegetbeneinsustcecesoe eens dane s5ededsee $ 7,605.15 
1928 Ee OM Lieb isnes eecbanbaeed Masewanmged deere cade tens ub atacaiahan saws 2,822.50 
1927 » MF pnddee eee wnedhed 640esheawadesta Sens eeeekeneakeg oeseehboeees 1,089.53 

Te TS a iin nadie dbus 505 cubs eass Lined aadde we neiecte cuss sepenerees $11, 517.18 


Dues amounting to $447.09, which had been prepaid during the past year, are 
shown on the attached Balance Sheet as a deferred income. After reviewing in 
detail all available data concerning the “ic one of 1929 unpaid dues a reserve 
in the amount of $3,602.08 was provided. is, together with the balance of the 
Reserve carried forward from the previous year in my opinion will be ample to 
cover probable losses in the realization of all Dues Receivable. 


The membership of the Society on December 31, 1929, comprised the following : 


i 5. 5 oii dnd H46% on 2 HEs bd tabs bEdb ode ReiAe wade DAAdSd een Rh ded saneeeacnaeenh 1,424 
PEED. 46-9. 00b06 a bd¢ade $04 6E EK NOOR DERE E DS 4ORS Eb Ob edd 40 4464600048 006 2 00asaS ten 405 
DOR: 5 cease ten dckedisanbnenbd5seped sod ceeeshesSensesEbide CFS 40S D0 ET se cae eeeakees 156 
RIDE. 5.42 9 0060 0 Gs S601 de cana b ate neat iducdeakssbicedpdanhaaean ss ae bene ae 1 
TT ETC E TET CCRC COT TT ECC TOOL TOT COTTE OS eT Tee eee ee 2 





Trial balances of all other Accounts Receivable were also taken and the proper 
reserve to cover accounts doubtful of collection provided. 


INVENTORIES 
The Inventory of TRANSACTIONS taken on December 31, 1929, was submitted 
for my verification and is scheduled below: 





VOLUME NuMBER PRICE AMOUNT 
28 154 $1.18% $ 182.34 
29 125 1.97% 246.87 
30 222 1.38% 306.92 
31 181 96% 174.06 
32 117 1.26% 148.36 
33 349 1.32% 461.38 





$1,519.93 


TRANSACTIONS covering the Years 1928, Volume 34, and 1929, Volume 35, were 
not published up to the close of business, December 31, 1929, therefore reserves in 
the amount of $2,500.00 and $3,000.00, respectively, have been provided to cover 
the future cost of producing those volumes. 

A verification of the Inventories and Deferred Charges to future operations was 
made either by computation or actual count. 


ACCOUNTS PAYABLE 

A list was compiled of all invoices remaining unpaid on December 31, 1929, 
dating prior to January 1, 1930, for the purpose of determining all Accounts Payable 
and a liability therefor was set up in the sum of $17,768.71. This sum includes 
charges from Horn-Shafer Co. of $14,410.00 for costs covering the printing of THE 
Guipe and YEAR Boox. 


DUE RESEARCH LABORATORIES 

Of the dues charged to Senior and Associates 40 per cent has been reserved for 
the Research Laboratory in accordance with Section 5, Article 3 of the By-Laws. The 
sum payable to the Research Laboratory as and when the Dues Receivable will have 
been realized in cash is $16,465.82. In addition, there is due the Research Labora- 
tory the sum of $4,973.50, representing that portion of the profit resulting from 
Tue Gurine, which has been computed as follows: 


a a nec ucdes od oR RGR AEE 46 Cae oe mee $46,348.78 
I SE Rh a ba 15wa5ie-94 06 6656.5 >. 0h ede ss odemnkiddesosedinsveracaee 33,414.04 
NR Ni he a is ines doen cd bbb ee eee Rein Akko} s ba od eats Lede $12,934.74 
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Overhead Expense: 





Amount charged to Guide Calendar Year 1928.........-.seeceeeeeee $ 2,222.14 
Add: One-half of Increase of 1929 Expenses over 1928.........+..+00+ 1,634.46 $ 3,856.60 
$ 9,078.14 
Rats, Chater WMinctiteg . TA Geee coo. iccccctcccccccccedesdvcccssesecwessgens 1,000.00 
$ 8,078.14 
Bonus to Publication Management and Staff (88%).........cccceceeceeeeecece 3,104.64 
Net Profit from Tue Guipe for Research Laboratory...........0.seeeeeeeeeceeees $ 4,973.50 


ACCRUED ACCOUNTS 


There has been determined a bonus of $3,528.00 to be paid to the publication 
management and staff which has been deducted as an expense in the Statement of 
Income and Expenses from the Publications. 


FUNDS 


A resolution of council provides that there be set up a publication fund for all 
gross revenue derived from the JouRNAL during the period from May 1 to December 
31, 1929, and in accordance therewith the sum of $10,666.70 realized has been shown 
as the publication fund on the attached Balance Sheet. An analysis of the funds of 
the ag reflecting the changes that occurred therein during the past year is shown 
on page 1 


Prmi—deneetier Si, 29008, por Former Bagerte sacs cicccsccvccvscsicccsscccess $35,416.95 
Add: Profit from Publications for the year ended December 31, 1929, 
from Statement of Income and Expenses........csscccccccssscesecs $ 4,611.11 
Deduct: Loss on Society Operations for the year ended December 31, 
1929, from Statement of Income and Expenses..............0..++0: 769.80 
Pee ee GE G6 Midna sn cads dcacacs nemdve nce knnddeetdesadaranes 3,841.31 
peepee 26, S900, cf Tatasine DRG. civics cc cccccsccccccccskowsszcses 39,258.26 
ee ns. creche sate ere eiah betes ace vase Sen de see be oSaSead 10,666.70 
General Fund—December 31, 1929, per Balance Sheet............eeeeeeeeesseees $28,591.56 


Respectfully submitted, 
Frank G. Tusa, 
Certified Public Accountant. 
- BALANCE SHEET 
AMERICAN Society oF HEATING AND VENTILATING ENGINEERS, NEw York City 


December 31, 1929 





ASSETS 
CasH 
On Deposit—General Fund $ 6,584.17 
On Deposit—Research Fund 1,680.54 
——-_ $ 8,264.71 
On Hand 100.00 
$ 8,364.71 
MARKETABLE SECURITIES—PER SCHEDULE 
General Fund 25,596.53 
Add: Accrued Interest 765.63 
—_ 26,362.16 
Research Fund 3,045.61 
—— 29,407.77 
AccouUNTS RECEIVABLE 
Dues 11,517.18 
Less: Reserve for Doubtful 7,358.08 
———_ 4,159.10 
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Advertisements $37,423.79 
Guides 1,255.00 
Codes 326.00 
Reprints 99.74 


——— 39,104.53 
Less: Reserve for Doubtful 1,000, 





INVENTORIES 
Transactions 
Transactions Paper 
Pictures 
Emblems 
Reprints and Books 
Code of Minimum Requirements 


LIBRARY 


FURNITURE AND FIXTURES 
Less: Reserve for Depreciation 


DEFERRED CHARGES 
PUBLICATIONS 


Mailing 
Prepaid Local Chapter Expenses 


LIABILITIES 
Accounts PAYABLE 


Due RESEARCH LABORATORY 


Dues 
1929 Guide Profit 
Interest on Securities 


AccruED ACCOUNTS 
Bonus—Publication Management 
and Staff 
RFSERVE FOR TRANSACTIONS 
1928 
1929 


DEFERRED INCOME 
Prepaid Dues 


FuNpDSs 
General $28,591.56 
Publications 10,666.70 


Research 


38,104.53 
42,263.63 
1,519.93 
524.68 
72.00 
95.87 
98.45 
543.31 
—mees See 
5,794.50 
3,290.25 
——a—e 2 
1,412.34 
500.00 
1,912.34 
$87,606.94 
$17,768.71 
$11,307.73 
4973.50 
67.50 
16,348.73 
3,528.00 
2,500.00 
3,000.00 
5,500.00 
477.09 
39,258.26 
4,726.15 
43,984.41 
$87,606.94 


Note “A.” There were no contingent liabilities reported to me and as far as 


could be ascertained none existed. 


Norte “B.” This Balance Sheet is subject to the comments contained in the letter 


attached to and forming a part of this report. 
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Bupcet ComparisoN—Society ACTIVITIES 
AMERICAN Society oF HEATING AND VENTILATING ENGINEERS, NEW York City 
For the Years Indicated Below 





BupceTep INCOME 
Actual Actual Budget Increases 





























1928 1929 Provision Decreases 
1929 Dues Income $24,738.49 $25,906.25 $25,000.00 $ 906.25 
Prior Years Dues Realized 5,072.55 4,005.12 6,000.00 1,994.88 
Initiation Fees 2,499.00 3,845.00 3,000.00 845.00 
Sale of Emblems and Certificate 
Frames 237.50 310.41 250.00 60.41 
Sale of Code of Minimum 
Requirements 0 3,165.82 5,000.00 1,834.18 
Interest Earned 1,175.14 2,002.77 1,200.00 802.77 
Profit from Sale of Securities 200.00 0 0 0 
ToTALs $33,922.68 $39,235.37 $40,450.00 $ 1,214.63 
BupGetep EXPENSES 
Salary—Secretary $ 2,750.00 $ 3,600.00 $ 3,600.00 0 
Salary—Clerical 5,420.00 5,655.66 6,000.00 $ 344.34 
Rent 1,000.00 1,000.00 1,000.00 0 
Professional Services 360.00 456.00 400.00 50.00 
Postage 1,219.84 1,643.38 1,500.00 143.38 
General Printing 970.36 1,836.87 1,000.00 836.87 
Yearbook 862.78 721.37 850.00 128.63 
Cost of Emblems and Certificate 
Frames 113.31 351.52 140.00 211.52 
Traveling—Secretary 1,335.90 1,121.47 1,000.00 121.47 
Traveling—President 687.51 1,000.00 1,000.00 0 
Traveling—Technical Secretary - 0 136.20 250.00 113.80 
Meetings—Annwal and semi-annual 3,099.58 2,747.25 3,000.00 252.75 
Local Chapter Meeting Allowance 1,000.00 1,000.00 1,000.00 0 
Special Council and Committees 358.17 981.53 1,0%.00 18.47 
Exhibit—Power Show 64.35 95.90 100.00 4.10 
Allowance for Members’ Journal 
Subscriptions 3,966.00 2,982.00 3,000.00 18.00 
Allowance for Members’ Transactions 
Subscriptions 1,983.00 2,982.00 3,000.00 18.00 
e 60.00 60.00 60.00 0 
Special Boiler Code 568.41 671.48 500.00 171.48 
Code of Minimum Requirements 3,584.52 3,060.21 2,500.00 560.21 
APPORTIONABLE EXPENSES 
Rent 1,577.85 1,282.82 1,340.00 57.18 
Office Expenses 1,385.46 1,395.18 1,380.00 15.18 
Office Supplies 430.52 200.46 480.00 279.54 
Allowance for Depreciation of 
Furniture and Fixtures 271.80 347.67 300.00 47.67 
33,069.36 35,522.97 34,400.00 922.97 
UNBUDGETED EXPENSES 
Publicity Expenses 195.73 69.00 0 69.00 
Unit Heater Code 0 223.08 0 223.08 
Moving Expense Technical 
Secretary 0 385.00 0 385.00 
195.73 677.08 677.08 
$33,265.09 $36,000.05 $34,400.00 $ 1,600.05 
Exuisit “D” 
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Bupcet CoMPARISON—PUBLICATIONS 


AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 
New York City 


For the Years Indicated Below 














INCOME 
JouRNALS 
Budget Increases 
1928 1929 Provision Decreases 
Advertising $21,802.15 $ 6,206.92° $ 5,500.00 $ 706.92 
Sale of Journals 1,087.38 191.90 100.00 91.90 
Editorial Contract 0 7,584.02 8,000.00 415.98 
Members’ Subscriptions 3,966.00 2,982.00 3,000.00 18.00 
26,855.53 16,964.84 16,600.00 364.84 
TRANSACTIONS 
Members’ Subscriptions 1,983.00 2,982.00 3,000.00 18.00 
Copy Sales 259.61 286.17 500.00 213.83 
2,242.61 3,268.17 3,500.00 231.83 
GUIDE 
Advertising : 31,539.94 33,879.28 33,500.00 379.28 
Sales of Guides 6,010.28 12,469.50 7,500.00 4,969.50 
37,550.22 46,348.78 41,000.00 5,348.78 
SALE oF REPRINTS AND Books 846.48 1,064.04 400.00 664.04 





ToraLs $67,494.84 $67,645.83 $61,500.00 $ 6,145.83 


Costs AND ExpREss 
Cost oF PUBLICATIONS 














Journal $14,297.93 $ 4,248.37 $4,500.00 $ 251.63 
Guide 25,385.30 33,414.04 23,600.00 9,810.04 
Transactions 2,620.31 3,023.45 2,500.00 523.45 
Reprints and Books 722.66 672.20 300.00 372.26 
43,026.20 41,358.06 30,900.00 10,458.06 
EXPENSES 
Salary—Secretary 2,750.00 3,600.00 3,600.00 0 
Salary—Clerical 4,074.00 5,253.67 4,000.00 1,253.67 
Professional Services 240.00 300.00 300.00 0 
Postage 337.77 328.02 400.00 71.98 
Traveling—Secretary 475.46 980.25 1,000.00 19.75 
APPORTIONABLE ExpENSES—40% 
Office Expenses 860.83 825.92 920.00 94.08 
Office Supplies 122.98 133.64 320.00 186.36 
Allowance for Depreciation of 
Furniture and Fixtures 181.20 231.78 200.00 31.78 
9,906.24 13,175.16 12,300.00 875.16 
ToraLs $52,932.44 $54,533.22 $43,200.00 $11,333.22 














YLIM 


Exuisit “E” 


Respectfully submitted, 


F. G. Tusa, 
Certified Public Accountant. 
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Report of the Technical Advisory Committee on Air Cleaning 
Devices 


December 17, 1929 


The Committee has held two meetings, one at the time of the Annual Meeting in 
Chicago and the other on December 11, in Chicago. At the first meeting, plans for 
research at the University of Minnesota were discussed, and it was decided to con- 
tinue the study of the problem of determining the dust in air. Accordingly, the work 
which had been previously started with the A—A Dust Determinator was completed 
and further series of tests were made with the Hill Dust Counter. 

A report of the study made on the Hill Dust Counter was given at the Semi- 
Annual Meeting, in a_paper entitled, An Investigation of the Impingement Method 
of Determining the Quartity of Dust in Air. This paper was published in the 
A.S.H. V. E. Journat, June, 1929, Vol. 35, No. 6. 

As a result of the study of the Hill Dust Counter, it was found that this Counter 
had one or two defects which it appeared could be easily overcome. Those defects 
which were causing irregularities in the results were: 

1. The fact that the air velocity through the nozzle was not constant, due to the 
pressure created by the stroke of the pump. 

2. It was found very necessary that the distance from the orifice to the glass plate 
be maintained exactly the same in all counters. 

3. The size of the orifice affected the: dust counter. 

4. In order to get uniform results after the sample was taken, it was essential 
to place the sample under the microscope in exactly the same position and to use a 
microscope which was easily focused. 

These changes have been discussed with Dr. Hill who is now building a new 
instrument which will be tried out in the laboratory. 

At the meeting in Chicago on December 11 the Committee reviewed the research 
work and considered a request from the Technical Advisory Committee on Atmos- 
pheric Dust and Smoke to recommend changes in the Hill Counter which would 
insure more uniform results by different operators. As these changes were along 
the line of those suggested by previous research work, Dr. Hill agreed to make up 
a counter embodying them and send it to the laboratory for test. 

The research work in connection with the Committee will be mostly with the 
Hill Dust Counter until the annual meeting at which time further plans will be 
considered. 

F. B. Rowtey, Chairman; H. E. Brrxuoiz, ALBert Buencer, E. Vernon Hitt, 


H. C. Murpnry. 


Report of the Technical Advisory Committee on Testing and Rating 
Unit Heaters 


December 19, 1929 


The Unit Heater Committee planned no work during 1929, other than that done 
at the University of Kentucky in cooperation with the Research Laboratory of the 
Society, in the interest of the code for testing and rating unit heaters, and which I 
understand will be covered by Mr. Houghten’s report on the subject. 

The desirability of further work at the University of Kentucky in cooperation 
with the Research Laboratory in the general interest of the Unit Heater field, was 
discussed. A number of topics were considered, such as 
_ (a) A formula for converting unit heater ratings at one condition of entering 
air temperature and steam pressure to some other condition which would properly 
account for change in mass velocity and which might simplify the present code method. 

_(b) The desirability and adaptability to all types of heaters of the method of 
testing at a single fan speed but against varied resistances, by comparison with the 














XUM 





Tue THIRTY-SIXTH ANNUAL MEETING 15 


method of testing at varied fan speeds in order to determine characteristic curves. 

(c) Proof that the assumption that heat transfer from the coil for a given mass 
velocity of the air is proportional to the mean temperature difference between the 
entering air and steam pressure that holds for all coil materials and er of fin and 
character of the fin and the prime surface. 

When these were referred to Professor O’Bannon with the commen. for an outline 
of tests and appropriation estimate, he felt in each case either that there was so little 
hope of a satisfactory solution or so little value in developing more information than 
was already on record, that the University of Kentucky could not recommend an 
appropriation. 

Other work of a more routine nature, needed to confirm some of the assumptions 
of the Code, could be more quickly undertaken by one of the member companies, and 
so was not referred to the Research Laboratory. 

At the last meeting of the Engineering Committee of the Industrial Unit Heater 
Association, which is composed of a representative from each of the member companies 
of the Association, I asked for suggestions on research work of value to the industry 
which might be referred to the Research Laboratory. As yet no suggestions have 
been forthcoming. 

D. E. Frencu, Chairman; O. K. Dyer, G. E. Or1s, H. W. Pace, W. A. Rowe, 
J. H. SHrock and L. C. Soute. 


Report of the Technical Advisory Committee on Heat Transmission 


December 12, 1929 


A meeting of the committee was held June 27, 1929, at Bigwin Inn, Canada, at 
which time a program of tests was agreed upon, both for the Laboratory and for 
Professor Rowley’s work at Minnesota. 


The following papers have been prepared for presentation during the past year: 


1. Overall Heat Transmission Coefficients as Determined by Tests and by 
Calculations, by F. B. Rowley, A. B. Algren and J. L. Blackshaw. Presented at the 
Semi-Annual Meeting, June 28, 1929. 


2. Effects of Air Velocities on Surface Coefficients, by F. B. Rowley, A. 
Algren and J. L. Blackshaw. Presented at the Annual Meeting, January 27- 31, 1930. 


3. Absorption of Solar Radiation in Its Relation to the Temperature, Color, 
Angle and Other Characteristics of the Absorbing Surface, by F. C. Houghten and 
Carl Gutberlet. Presented at the Annual Meeting, January 27-31, 1930. 


The work has progressed following the outline adopted at the meeting of the 
committee of June 27. The present status can best be shown by extracts from the 
reports of Professor Rowley and Mr. Houghten. 


The work in progress for the present year consists of hot box and hot plate 
tests. For the hot box test, the following schedule of walls is under way: 


(a) Two rubble walls constructed 10 in. in thickness, of Blue Trenton Lime- 
stone. This material runs about 4-5 in. in thickness and will be selected in suitable 
widths for 10-in. walls. 


(b) Six concrete block walls; two 6 in. thick, two 8 in. thick, and two 10 in. 
thick; the size of the blocks to be 7% in. in height, 1534 in. in length, and of three- 
cell construction. Two types of blocks will be used: the first in which crushed lime- 
stone is used for the aggregate, and the second in which limestone is not used. 
These blocks will be selected from two representative block manufacturers in 
Minneapolis. 

(c) Two concrete walls with 1-2- 3% mix with aggregate ranging from 1 in. 
down, one wall to be constructed with a 3-in. slump and the other with a 6-in. slump. 
These walls are to be poured in a vertical position in two lifts. 

The hot plate tests will be as follows: 


(a) Specimens 1-2-3124 mix with 3-in., 5-in. and 7-in. slump. 
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(b) One 1-3-5 mix with 5-in. slump. 
(c) One 1-4-6 mix with 5-in. slump. 
(d) One 1-1%4-2% mix with 5-in. slump. 
(e) Two Sypsum plaster panels. 

(f{) Two cement plaster panels. 


These tests will be made on the 24-in. hot plate with specimens 2 in. in thickness. 
The concrete panels will be compared with the results as obtained by the hot box 
method. 


The work originally outlined for determining wind velocity gradients parallel 
to a wall has been completed and a complete report of the work was prepared. It 
has appeared desirable, however, to hold up this report pending completion of the 
work on determination of surface coefficients of heat transfer for still and moving air. 


Apparatus for the method of determining surface transmission coefficients for 
still and moving air as outlined by Mr. Harding has been constructed and a set of 
data giving a curve showing the relationship between the surface transmission 
coefficient and wind velocity has been completed for a neutral gray painted surface at 
a temperature of 90 deg with air at 70 deg, giving a 20 deg temperature difference. 
This work shows coefficients considerably higher than previously accepted for both 
still and moving air. Air velocities from a little above one mile to 23 mph have 
been studied. This work is just now interrupted while the temperature and heat 
control apparatus is being used in the calibration of several Nicholls’ Heat Flow 
meters. As soon as the apparatus is again available—probably in about three weeks 
—it is our intention to develop a like curve showing the relationship of the surface 
transmission coefficient for the same surface and wind velocity for another tempera- 
ture range. At the present time we are figuring on a temperature range of from 
50 to 70 deg. If, however, a preliminary study shows that we can get a lower 
temperature it is our intention to use a temperature degree difference of 20 deg 
with as low an air temperature as we can depend on getting in our apparatus any 
reasonable percentage of the time. 


We are continuing the tests on conductivity of the concrete slab which has 
been under investigation for the past two or more years. The conductivity shows 
little or no change. However, it will probably take another six months to insure 
that no change is taking place. 


The status of the future program is as follows: 


Further hot plate tests will be made on the various types of insulating materials 
in accordance with the program of June 27. These insulating materials are at present 
being selected by Mr. Houghten and Mr. Close. 

An exhibit covering the heat transmission work is to be prepared for the Heating 
and Ventilating Exposition at Philadelphia. This exhibit will consist of a complete 
set-up of the hot plate apparatus and will occupy a part of the Research Labora- 
tory space. 

Further papers which are planned in this field will be a completion of the 
surface coefficients research work, and more complete results on hollow block, con- 
crete, and tile walls. These papers will probably be ready by next spring. 

A part of this work which I believe it is now safe to report is the cooperative 
work between the National Lumber Manufacturers’ Association, the AMERICAN 
Society oF HEATING AND VENTILATING ENGINEERS, and the University of Minnesota. 
The National Lumber Manufacturers’ Association has already contributed to the 
University for this work a sufficient amount to make about half of the tests. They 
are now planning on a further contribution to the University and the Society, which 
we believe will work out satisfactorily. 

Some studies for the purpose of correlating Weather Bureau readings with arbi- 
trarily measured velocities over actual wall surfaces is under consideration, but has 
not been definitely approved by the committee as yet. This will form the basis for 
further thought and discussion on the part of the committee. 


A. P. Kratz, Chairman; D. R. Brewster, F. B. Rowtey, C. G. SEcELER, 
Perry WEsT. 
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Report of the Technical Advisory Committee on Infiltration 
January 7, 1930 


The activities of the Committee on Infiltration can be best illustrated by the 
two papers relating to Infiltration which will be presented by members of the 
Committee at the coming meeting in Philadelphia. 

I refer to the papers Pressure Difference Across Windows in Relation to Wind 
Velocity, by J. E. Emswiler and W. C. Randall and Air Infiltration Through 
Various Types of Brick Wall Construction, by G. L. Larson, D. W. Nelson and 
C. Braatz. 

The work by Emswiler and Randall ties in very well with the Laboratory work 
on infiltration that we have been doing here. 

I think our laboratory work has established quite definitely the amount of infil- 
tration that can be expected under certain definite wind conditions in relation to 
brick walls, and the paper by Emswiler and Randall is a start on the actual wind 
conditions that may be expected in practice. 

In other words, I might say that the work under the guidance of the Committee 
on Infiltration during the past year has established the following facts: 


1. In a reasonably well constructed brick wall the air leakage is very small 
compared with the heat transmission, 

2. Proper application of plaster either direct or on furring eliminates practi- 
cally all leakage. 

3. Leakage in walls is caused by faulty construction and may be anything 
depending on how poor the construction is. 

4. The Emswiler and Randall paper has established the pressure difference across 
windows that may be expected in comparatively low buildings. 

The work planned by the committee for the future is as follows: 

1. Study of several frame walls at the University of Wisconsin. 

2. Study of 1 stucco and 1 hollow tile brick veneer wall at the Research 
Laboratory in Pittsburgh. 

The paper on brick wall construction concludes for the present at least, research 
work on that type of construction. Research is under way on frame wall construction 
and we plan to present a paper on infiltration through frame walls at the summer 
meeting in June. 

The Committee is asking Messrs. Emswiler and Randall to continue their work 
on pressure differences across windows with particular reference to tall buildings. 

It has also been suggested that the Committee encourage further work on 
weatherstrip research. 


G. L. Larson, Chairman; A. W. Kine, A. P. Kratz, L. B. Lent, W. C. RANDALL. 


Report of Committee on Heating and Ventilation and Its Relation 
to Health and Comfort 


December 16, 1929 


The primary purpose of this committee is to study the difference between 
indoor and outdoor conditions, particularly the difference between an artificial indoor 
condition and the natural outdoor condition which it is intended to reproduce. 

The first step in the study will be the observation of the degree of ionization in 
different atmospheres, natural and artificial. The major part of this experimental 
work will be carried out at the Harvard School of Public Health by means of a 
special instrument imported from Germany. Through the Research Laboratory of 
the AMERICAN Society oF HEATING AND VENTILATING ENGINEERS, the experimenters 
have been granted funds to defray the cost of this equipment. On account of irksome 
delays on the part of the German manufacturer and the necessity of replacements 
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due to breakage en route, the apparatus is only now ready for use. We, therefore, 
can submit no data at this time. 

If this preliminary research gives significant results, the logical sequel would 
be a study of methods and equipment to preduce the desired conditions indoors. 


Puiie Drinker, Chairman; J. J. Arperty, O. W. Armspacn and C. P. 
YAGLou. 


Report of Technical Advisory Committee on Oil Burning Devices 


December 30, 1929 


The oil burning research program is conducted by Professor L. E. Seeley at 
Mason Laboratory, Sheffield Scientific School, Yale University, in co-operation 
with the Research Laboratory, and the American Oil Burner Association. 

The work on oil burners was actively started about the first of October. The 
work to date has consisted of installing four types of small heating boilers so that 
complete tests might be run on any two boilers at the same time. 

The oil burners are in the process of installation at the present time. There are 
five types of oil burners to be operated. It is the intention to rotate these burners 
so that each one will be operated in each boiler. 

The above equipment as well as draft regulating devices and oil supply equip- 
ment has been obtained “on consignment” through the efforts of H. L. Tapp of 
the American Oil Burner Association. 

The primary object of the tests which will start actively within two weeks 
is to develop a code for testing a combination of boiler and oil burner. This code 
will be developed and the tests shown as evidence to support our recommendations. 

It is expected that many smaller investigations will develop, some of which may 
accompany the main report to be submitted in June, 1930. Certain incidental findings 
may be transmitted directly to Mr. Tapp who will co-operate with the respective 
burner companies if it seems warranted. 

The appropriation for this year is not used up and it is our intention to use the 
remainder during the coming months. Negotiations for further appropriations will 
be submitted at a future date. It is our belief that we shall know more about the 
costs of conducting tests and that better expense estimates can be made. Our costs 
to date have been on installation which is in the nature of a base expense only. 

It has also been agreed that the mechanical engineering department of Yale 
University will furnish a few pictures and examples of the work done here along 
the lines of heating for the Exposition in Philadelphia during January. 

L. E. Seetey, Chairman; James Breese, Jr., G. S. MEIKLE and H. L. Tapp. 


Appendix 


Regulations Governing the Committee on Research of the 


AMERICAN SOCIETY OF HEATING AND VENTILATING 
ENGINEERS 


(Presented for adoption by the American Society or HEATING AND VENTILATING ENGINEERS) 
January, 1930 
FUNCTION 


The function of the Committee on Research is the determination and dissemination of engineer- 
ing knowledge pertaining to the art of heating and ventilating and the equipment and apparatus 
utilized by the profession. 

PURPOSE 


The purpose of the Committee on Research is to supervise the investigation, collection, tabu'a- 
tion and co-ordination of existing data and records of subjects pertaining to the art of heating 
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and ventilating, and when the need is sufficient to warrant research or testing, to devise a plan 
for such procedure; also the establishment and maintenance of a Research Laboratory, and the 
negotiation with universities, colleges, and other organizations provided with laboratories for co- 
operative research and testing work. 


Section I 
ORGANIZATION 


Committee on Research 


1. There shall be a standing committee known as the Committee on Research, consisting of 

fifteen members each serving for three years, and five retiring each year. 

(a) The Council shall nominate previous to October first of each: year five members to 
fill the vacancies of those retiring at the next Annual Meeting. 

(b) The nominations made by the Council shall be published in the October issue of 
the Society’s JournaL 

(c) Prior to December first of any year, any ten members over their own signatures, 
may nominate one or more additional members of the Committee on Research, and such 
additional nominations shall be placed on the ballot opposite the nominations made 
by the Council. 

(d) The election shall otherwise conform to the regulations provided for the election 
of officers of the Society. 

(e) Vacancies may be filled by the Council, such persons chosen by the Council to serve 
until a successor is elected at the next Annual Meeting. 


Executive Committee 
2. There shall be an Executive Committee consisting of the Chairman and two other 
members of the Committee on Research appointed by him immediately following the Annual 
Meeting. 
Technical Advisory Committee 
3. The Chairman of the Committee on Research shall appoint such Technical Advisory Com- 
mittees and designate a Chairman of each, as the Executive Committee may deem ad- 
visable, to act in an advisory capacity to the Committee on Research and the Director of the 
Research Laboratory for specific projects or tests under consideration. At least one 
member of each Technical Advisory Committee shall be a member of the Committee on 
Research. The Director of the Laboratory shall be an ex-officio member of all Technical 
Advisory Committees. 


Chairman Committee on Research 
4. The Committee on Research shall at its meeting held at the time and place of the Annual 
Meeting of the Society each year elect by ballot vote one of their number to serve as 
Chairman for the ensuing year. 
Vice Chairman 
5. A Vice Chairman shall also be elected in the same manner and for the same period as 
stated for the Chairman in the preceding paragraph. 
Meetings of Committee on Research 
6. A meeting of the Committee on Research shall be held at the time and place of each 
Annual and Semi-Annual Meeting of the Society. Special meetings may be called at 
the discretion of the Chairman, or by a majority vote of the Executive Committee. The 
place and date of the special meeting to be designated by the Chairman. 
Quorum 
7. Seven members of the Committee on Research shall constitute a quorum. 


Section II 
DUTIES OF COMMITTEES 


Committee on Research 


1, The Chairman of the Committee on Research shall preside at all meetings of the Committee 
on Research and the Executive Committee. The Chairman of the Committee on Research 
ghall be an ex-officio member of all Technical Advisory Committees. 
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2. The Vice Chairman shall possess all the powers and perform the duties of the Chairman 
in his absence. 


All acts of the Committee on Research other than those specifically authorized shall be 
subject to review by the council. 


All acts, findings or reports of sub-committees shall be subject to the approval of the 
Committee on Research. 


The reports of all investigations conducted at the Society’s Research Laboratory or re- 
sulting from co-operative agreements shall be made available to all members of the 
Society through publication in the Journal when authorized for publication by the 
Committee on Research and approved by the publication Committee. 


All papers, findings or reports resulting from the work of the Committee on Research shall 

when published by the Society be headed by a picture of the Laboratory at Pittsburgh, Pa. 

(a) If the paper, finding or report is the result of work at the Pittsburgh Laboratory, 
the following statement shall directly follow the picture: ‘‘Research conducted by 
the Research Laboratory of the American Society oF HEATING AND VENTILATING 
ENGINEERS in co-operation with the U. S. Bureau of Mines.” 
If the paper, finding or report is the result of co-operative work with some other 
institution or laboratory, the following statement with the approval of the Director 
of the U. S. Bureau of Mines shall directly follow the picture: “Research conducted at 
(name of co-operating institution or Laboratory of the American Society oF HEATING 
AND VENTILATING ENGINEERS.” 


“Constitution and By-Laws; Article IX; Special Committees: Section 1. The Re- 
search Executive Committee, as provided for under the regulations creating the Research 
Laboratory, shall prepare the budget for the expenditures of the Research Laboratory for 
the current year, and shall pass upon and approve in writing all expenditures authorized 
by the Committee on Research. The payment of bills shall be authorized in the same 
manner as provided in Article VIII, Section 3, excepting that the Chairman of the 
Research Executive Committee shall act instead of the Chairman of the Finance Com- 
mittee, and the Director of the Research Yaboratory shall act instad of the Secretary 
of the Society, but in case of absence or disability on the part of the Treasurer the 
checks may be signed by the Chairman of the Committee on Research instead of the Chair- 
man of the Finance Committee.” 





Executive Committee 

8. The Executive Committee shall supervise all the business of the Committee on Research, 
including the making of the necessary contracts for rental or purchase of equipment 
or materials. This Committee shall select and engage a Director of the Research 
Laboratory, an Executive Secretary to the Committee on Research, and such assistants of 
the Research Laboratory as may be required, or the authority for the selection and 
employment of such assistants may be delegated to the Director of the Laboratory by 
authority of the Executive Committee in individual cases. The Committee shall deter- 
mine all salaries, approve all expenses incurred, and determine the order in which the 
subjects shall be investigated by the Research Laboratory. 


The Executive Committee shall not make contracts in excess of the income of the 
Committee on Research without the approval of the Committee on Research. 


Technical Advisory Committees 


10. Technical Advisory Committees shall act in an advisory capacity to the Committee on 
Research and the Director of the Laboratory on all subjects referred to them. 


(a) The Chairman of a Technical Advisory Committee shall be responsible for obtaining 
the opinion and advice from each member of his Committee concerning the assigned 
subject. The advice on the assigned subject as to the methods of procedure, etc., 
shall be transmitted to the Chairman of the Committee on Research. 

In the case of a new Committtee this advice shall be furnished as promptly as 
conditions shall warrant in order that there shall be no unnecessary delay in 
starting the investigations. 

Each Committee shall submit its recommendations in writing to the Committee on 
Research and render annually, not later than December first of each year, a written 
report of its activities, 
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Section III 


REGULATIONS 

That any research may be undertaken for other engineering, scientific, technical organiza- 
tions, trade associations, manufacturers’ associations, persons, firms, or corporations 
provided all work shall be related to the art or science of heating and ventilating and 
of such character as to meet with the approval of the Committee on Research, and that 
only those subjects may be investigated for which sufficient funds to pay all costs thereof 
have been assured. 

That any testing of apparatus may with the written approval of the manufacturer be 

undertaken upon application by any engineering, scientific, technical organization, trade 

association, or manufacturers’ association, upon request. 

When any test of apparatus has been or is being made in accordance with the preceding 

paragraph, then any person, firm or corporation may have similar apparatus of his 

manufacture tested upon application. 

All tests shall be conducted under the following conditions: 

(a) That the Committee on Research shall sanction each test before being made and 
approve the testing procedure to be used. 

(b) That the applicant shall pay all costs to the Laboratory such as: the salaries of 
investigators, materials, supplies, labor, expenses, and overhead. 

(c) That the applicant shall keep on deposit with the treasurer of the Society an 
amount equal to the estimated cost of the. work for not less than two months 
in advance, against which amount the costs shall be charged. 

(d) The applicant shall be advised of the progress of the test and shall have the 
privilege of discontinuing at any time upon giving written notice, and the paying 
of all costs including salaries of the investigators to the end of the month following 
such notice. acer 

(e) The result of the test without comment may be authorized for publication in the 
Journat by mutual consent of the applicant and the Committee on Research. 

(f) That the applicant shall not publish or allow to be published in whole or in part the 
report of the test until after publication in the Journat of the Society, or by 
authority of the Committee on Research. 

(g) That the apparatus tested shall be removed from the Laboratory by the applicant 
promptly upon the completion of the test. 

(h) That the applicant shall give a bond or other security approved by the Research 
Executive Committee guaranteeing to the Society the full performance of the contract 
on the part of the applicant. 


Committee: D. S. Boypen, Chairman, R. S. FRANKLIN, PH1Lip DRINKER. 
January 24, 1930. 


DISCUSSION 


D. S. Boypen: In presenting these regulations it should be noted that the 
majority of them have been in force for a good many years and in this report 
an attempt has been made to correlate, simplify and revise existing regulations 
based upon the experience of 10 years operation. Minor changes have been 
made with reference to the responsibility of certain committees and some revision 
of the restrictions regarding testing, have been included in Section III, par. 
2, 3 and 4. 

F. D. Menstnc: I move that the recommendations submitted by the Com- 
mittee on Research be approved by the Society and that all previous resolutions 
by this body, any rule, regulation of the Council or of the Committee on 
Research in conflict therewith become null and void. 


H. M. Hart: I second the motion. 


E. V. Hitt: I think that action on this matter ought to be deferred until 
the report is published and submitted to the entire membership for their careful 
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consideration. However, the point that I wish to discuss at this time concerns 
the use of our Laboratory for commercial testing. As I understand the rules, 
manufacturers can bring their apparatus and equipment to the Laboratory 
devoted exclusively to fundamental research, we have a commercial laboratory 
and if the Committee on Research sees fit it can be tested and rated. Then 
instead of being a laboratory devoted exclusively to fundamental research, we 
have a commercial laboratory. I think we would lose much of our standing 
and we would open the Laboratory up to the criticism which is inevitable in 
cases where the keen competition of manufacturers today requires a laboratory 
rating of their apparatus that is not favorable from a commercial angle. 

PresipENT Lewis: In order that the members, who may not be familiar 
with the previous action of the Society in regard to the Research Laboratory 
are brought up to date, may I correct one statement Dr. Hill has made? In 
1924, five years after the establishment of the Laboratory, this Society at the 
Annual Meeting in New York voted to allow the Research Laboratory to under- 
take commercial testing, the same as is now allowed by these regulations, 
provided any such case had the approval of the Committee on Research. In 
effect, then, there is no change in principle from the original resolutions. 

Dr. Hitt: I remember the discussion at the time. As I recall it, the gen- 
eral opinion of the membership was that we should not engage in commercial 
testing and from that date to the present we never have. 

PRESIDENT Lewis: We have not, but under the resolutions, if the Com- 
mittee on Research had approved of any case we could have. 

Dr. Hitt: I shall leave that point, and simply restate my belief that it is 
a dangerous proposition to encourage commercial testing. 

Another point that interests me is the provision that all reports and data 
developed by the laboratory must be approved by the Publication Committee 
and released by it for publication first in the JourNaL. It is perfectly proper 
to safeguard the Society and have the Publication Committee approve every- 
thing that is given publicity, but one of the things which the Laboratory has 
needed for many years, is more publicity. Only a very few people appreciate 
the wonderful work that is being done there and if we insist that papers from 
the Laboratory be published first in the JourNAL, it makes the material less 
desirable for other publications and reduces the publicity which we could get. 

I think that we ought to have a Publicity Director at the Laboratory to give 
the widest possible publicity to the material that is coming from the Laboratory. 

Mr. Mensinc: If Dr. Hill will recall the 1924 resolutions in New York, 
I believe he will feel a good deal safer about commercial testing today than 
during the last six years. The field was wide open. The Research Laboratory 
could go as far as they wanted, but, fortunately, the research was run by brains 
and not be resolutions. I always prefer brains to resolutions. 


I think we are perfectly safe under these new rules. Just where commercial 
testing stops or starts and where research begins is not well defined. Other 
organizations have similar problems. At one time, the 4. S. M. E. would have 
hesitated to establish a standard for fittings but now the subject is not con- 
troversial. It will be the same with many things in our line. We now might 
consider a field one we should not go into which in future we may feel we 
should go into. 
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To get the desired publicity, the Committee has provided for an Executive 
Secretary, part of whose work is to handle research publicity. 


S. E. Diese: In considering the question of commercial testing a point 
that should be discussed by the entire group here, relates to our connection 
with the U. S. Bureau of Mines. I presume that the Committee has investi- 
gated the matter thoroughly, but I should like to learn whether it is perfectly 
agreeable to the present administration if we do commercial testing as indicated 
by Mr. Boyden’s report. 

Mr. Mensinc: If there is anybody here who can look into the future and 
predict future happenings with accuracy enough to answer: your question, he 
does not belong here; he belongs in Heaven. 


ProFessor DipsLe: That does not quite answer the question. 


L. A. Harpinc: I do not know that I can give a direct answer to Professor 
Dibble’s question, but my understanding of the arrangement under which we 
are operating, is, that no commercial testing can be done in the Laboratory 
at Pittsburgh. The idea is that commercial testing under certain restricted 
conditions would necessarily have to be done elsewhere if these regulations 
are adopted. If an association or other organization request us to do com- 
mercial testing work or to obtain the rating of apparatus, the work will go 
to a commercial laboratory and be supervised by our Research Laboratory staff. 
I doubt very much whether tests of this character would become a part of our 
Transactions. Occasionally there might be some new type of apparatus that 
was being tested on which the members would like information, but, in general, 
I do not imagine that such tests would be the subject of papers presented to 
the Society unless special request was made by members of the Society. 


Many members have held for years that commercial testing was the wrong 
thing for this Society to do. As Chairman of this Committee I have turned 
down several requests this year for commercial testing, even though the existing 
rules and regulations permit work of this kind. The policy of preceding research 
committees has been to withhold approval on any work of this character which 
would involve the services of the Laboratory staff. 


ProFessor DissLte: Mr. Harding has answered my inquiry. If the work is 
done outside of the U. S. Bureau of Mines, I think we will have no difficulties. 


PresipENT Lewis: That is my understanding of the Committee’s present 
policy. However, the Committee may change that policy in the future should 
the attitude of the U. S. Bureau of Mines change. 


Dr. Hitt: I just wanted to say, that I am in perfect accord with Mr. 
Mensing. I also prefer brains to resolutions. Unfortunately, we cannot always 
predetermine what the brains of a certain Committee or Society will be, and 
we can restrict their activities to a certain extent by well-considered resolutions. 
I thought that this was brought out, as you said, a few years ago. If com- 
mercial testing is permitted and has not been entered into, it is pretty good 
evidence that it is not desirable, and I still think that our rules and regulations 
should not permit it. 

E. A. Jones: I think that the members of the Society should realize, before 
approving such a resolution, that it is going to lead to a demand on the part of 
the industry for pretty general testing. When a particular appliance is tested 
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by the Society, every manufacturer of similar appliances will naturally expect 
the Society to extend them the same privilege. 

I have in mind the experience of the American Gas Association Laboratory 
which was organized a few years ago. At the present time no manufacturer 
of gas appliances can go into the field until he can submit a test from that 
laboratory. 

If our Society undertakes general testing or undertakes commercial testing, 
we are soon going to be faced by a condition where the industry will demand 
the same service. 

Another thing in this connection is the delegating of tests to other laboratories. 
I believe there would be some hesitancy on the part of certain manufacturers 
to send their equipment to outside laboratories rather than the Pittsburgh 
Laboratory for test. 


PresipENT Lewis: For the benefit of everybody, I think it might be well . 


to thoroughly understand the wording of this regulation in regard to commer- 
cial testing: “Any research may be undertaken provided that it is related to the 
art or science of heating and ventilating and of such character as to meet with 
the approval of the Committee on Research.” Let us understand that wording. 


Mr. Boypen: Might I add that all the regulations and revisions have been 
restrictions on commercial testing and if we adopt this report we carry out the 
policy of the Committee on Research, which has not been based on an existing 
resolution. The Committee’s belief is that when the need is sufficient to war- 
rant testing apparatus it may be done, but not for persons, firms and cor- 
porations. In other words, the Society when the need is sufficient can do testing 
for engineering, scientific, technical organizations, manufacturers’ associations, 
etc., and only when testing is being done in accordance with the foregoing, can 
appliances of similar character be tested. If the Society adopts the resolution 
presented here, it will limit the amount of commercial testing which could be 
done under existing resolutions. 

PresIpENT Lewis: I think perhaps I might assist in clearing up this matter. 
The new regulations are not opening up a door that former regulations had 
not opened, but they put certain restrictions upon present rules. As now written 
any research may be conducted for anybody provided it has the approval of the 
Committee, but that only testing shall be done for trade associations, manufac- 
turers’ associations, etc., but not for persons, individuals and corporations, 
unless equipment is tested for some manufacturers’ association or some trade 
association. We are really trying to restrict the action of the Laboratory as 
to commercial testing, while the previous regulaticns allowed the Committee 
on Research complete latitude in the testing of anything. 

Dr. Hitt: My impression is that we have had the power, had the privilege, 
you might say, of doing commercial testing, but the character of the Com- 
mittee has been such that they have never permitted it. By throwing further 
restrictions around commercial testing to further safeguard it, it is anticipated 
that we will go into commercial testing. Am I right or wrong? 

PresipENT Lewis: You are correct, I think. For instance, we were faced 
with the situation where a trade association this past year came to us and 
requested information about a new type of apparatus in order to get the desired 
information. 
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ct Mr. Harpinc: Some manufacturers have said, “We can go to one or two 
commercial testing laboratories, but we do not care to do that. We want a 
ry laboratory that has some recognized standing and when the apparatus is. tested 
er we want to feel that the members of the Society, other engineers and engineering 
at organizations can accept these unbiased tests as standard.” It may mean‘a 
considerable expansion of activities of the research staff. 
zg, As I view the matter, it is not destroying the function of the tensininl 
ad Laboratory. It is simply widening the scope of the Laboratory. 
You may have to provide a Director of Testing ultimately, or something of 
S. that sort; commercial testing would not place any additional financial burden 
rs on the Society. These tests all have to be paid for and the money for tests is 
rh required to be deposited in advance. 
There is always the question that is going to come up, “Are we safeguarding 
11 the individual who is not a member of some trade association?” This thought 
r- has been advanced—it may have a tendency to force small manufacturers who 
1e do not wish to join a trade association into such association in order to reap 
h the benefits from the association’s testing. That might be a good thing for 


the industry and, on the other hand, it might not be. It has been the history 
of one association, at least, that it was necessary to have an official test made 
on the apparatus in question before it could be employed. You had to get 
the approval of a certain laboratory before you could install the apparatus and 
obtain a proper insurance rate. If you were unable to have the test made 
you could not sell it. I do not believe that we are going to get into that kind 
of a proposition here. We are not a corporation in business for profit so that 
we do not come under the jurisdiction of the Federal Trade Commission. 

I thought differently about this proposition and have only been recently sold 
on it, as a matter of fact. I believe the majority of opinions of the Committee 
on Research is fundamentally sound on this proposition. 


ie 


Om wo Vy 


PRESIDENT Lewis: The opinion has been expressed here that as an engineer- 
ing and a scientific body, conducting our own Laboratory, we should be able 
to furnish certain facts in regard to our industry and if a trade association 
comes to us and we say, “We cannot tell you,” that puts our Society and our 
Research Laboratory in an unfavorable light. The Society ought to be the 
source of all scientific information for the industry and I think that is the idea 
of those who feel that commercial testing should be undertaken. 


eh + 


W. A. Swain: I wonder if the resolution should take into consideration the 
advertising man’s point of view—publicity. Suppose a device has been tested 
by the Society and has the Society’s Red Star on it and therefore it must be 
good. Will this seal or certificate of test bring difficulties because of its in- 
. appropriate use? Is that condition going to be taken care of in the new rules 
or is it just left to luck to work itself out? 


se— we ere Ss 


C. G. SEGELER: The last speaker’s words really give me an excellent oppor- 
tunity to tell you what difficulties we had with that matter in the American 
Gas Association testing laboratory program. As Mr. Jones pointed out, our 
plan has practically forced every manufacturer who wishes to sell gas appli- 
ances to secure the laboratory seal of approval. Originally the seal of approval 
stood for three things: safety, quality and efficiency. Almost immediately the 
boomerang came back. It was extremely unsatisfactory to all manufacturers 
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to have any appliance have a seal on it which had the words quality or efficiency 
tied up with it in any way, because it meant that any manufacturer who had this 
seal immediately said in his advertising and in his sales effort: This has been 
tested and approved, it has a seal on it, the other man‘s has not, and that is 
what makes this product good and the other man’s not good. 


To remove this undesirable condition a committee studied with the result that 
today the seal of approval of the laboratory stands for safety alone. 

Safety as to combustion and a minimum efficiency are required, but in no 
case does the seal give the manufacturer the opportunity to publish the results 
of the test. In fact, he does not even get them for publication. 


I think that any commercial testing which your Research Laboratory would 
’ ever undertake would be forced into much the same position. Even if you 
first tested an appliance on the request of a trade association, say, some entirely 
new appliance (and perhaps a good example would be small units for house- 
cooling) it would not be long before another manufacturer had an appliance 
of that kind and there you would be in the same position of having one approved 
and others on the market that were not approved. I do not like to use that 
word approved. One tested and the others not tested. The maker of the 
untested one would be forced to have his appliance tested. Then the Society 
would be in a position of having put its name on two different appliances with 
two different results and that would make the Society in a sense the arbiter 
of the quality of those appliances. 

I do not think that is a good plan. In the gas industry we allow only a 
certain specified minimum efficiency, for example, to be given by the manu- 
facturer in his advertising literature. We require 75 per cent to pass and no 
matter whether the appliance went to 95 per cent in an actual test the manu- 
facturer can only claim 75 as the result. 

Perry West: I have always been diametrically opposed to commercial test- 
ing.. The safeguards that we threw around the Laboratory in the first place 
prohibiting commercial testing were the lifeblood of the Laboratory and brought 
it where it is today. Perhaps we have passed beyond that stage and we have 
become so well established that we do not need that safeguard quite as much 
as we did in the beginning. . 

Now that we are issuing codes of testing boilers and testing unit heaters 
and other pieces of apparatus there should be some authoritative place where 
such apparatus can be tested. Like most of the members here, I have not had 
the time to give this subject the same study and thought that our Council and 
Committee on Research have, but I am of the opinion, after hearing this discus- 
sion, that the resolution as it is presented, is perfectly safe and logical. Of 
course, we must realize that it may require a larger organization and the 
establishment of a special testing laboratory. 


L. S. O’Bannon: I am not in favor of the Research Laboratory as it is 
organized and financed at present engaging in any kind of testing work. 
Creation of a separate bureau of commercial testing, should be considered, to 
be operated under a separate head, financed by the Society, with all personnel 
and equipment paid for by the association or person or corporation desiring the 
test. This department could call upon the resources of the Research Laboratory, 
or personnel for expert advice and also for the scientific apparatus and instru- 
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ments required for the tests. I do not know whether the committee has given 
thought to the idea of creating another department within the Society for that 
particular work or not, but I believe that that would be the better solution than 
to give that work to the Research Laboratory as it is at present organized. 


Mr. Jones: I think the professor has given us the proper solution of the 
commercial testing problem. The American Gas Association laboratory has 
done a good job and the manufacturers are in favor of it, but they have had a 
laboratory and an association organized for the sole purpose of commercial 
testing. I feel that if the AMERICAN SociETy oF HEATING AND VENTILATING 
ENGINEERS should get into the commercial testing field (and they probably must 
eventually get into it) we probably must organize a department to take care of 
that and doubtless build a laboratory for that sole purpose; and that until such 
time arrives the present laboratory should devote their attention to the prep- 
aration of standards under which the commercial laboratory can operate. 

PresIpENT Lewis: The regulations before this body are presented by the 
Committee on Research with the idea of bringing together all the resolutions 
that the Society has passed, correlate them, eliminate conflicts, so that we may 
definitely know the limits to which we can go in testing under Society mandate. 
Nothing new is being started but just an attempt to get the rules and regulations 
under which the research should be conducted into a businesslike document. If 
there is no further discussion the motion before the house will be voted upon. 


The vote was unanimous in favor of the motion. 


L. A. Harding then introduced the newly elected Chairman of the Committee 
on Research, Prof. F. B. Rowley. 


Professor Rowley said: “I think you will all agree that I should feel appre- 
hensive in this new job, especially in view of the discussion that has just taken 
place in regard to commercial testing. As I look at these resolutions, how- 
ever, they have not opened up the way for a more extensive program of com- 
mercial testing, but have merely put on some additional regulations under which 
such testing may be done. 


It seems to me that the research which the Society has sponsored in the past 
has been responsible, to a large degree, for the position which this Society now 
holds with other ¢orresponding professional societies. I do not believe that 
any group would want the Society to spend time with routine commercial 
testing. When such testing is necessary in order to establish fundamental 
principles or laws, the Laboratory should be free to make the tests. On the 
other hand, if it is developing into a pure routine type of testing, that kind 
of testing which is going to be used for advertising purposes or which is 
merely competing with established commercial laboratories, certainly we want 
to keep out of it. As far as I am concerned with the Committee on Research, 
I shall be glad to have the advice of those who have been responsible in the 
past for guiding the research work and who have built it up to its present 
standards. 

In the past, I understand that a large amount of work has fallen to the 
Chairman of the Research Committee. In fact, when I accepted this job, Mr. 
Harding told me I might as well leave all other work and spend my time this 
year with the Committee on Research. The Council has, however, come to the 
rescue and appointed an Executive Secretary. 
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I appreciate the honor the Committee has conferred upon me and I assure 
you I realize the magnitude of the job, and I hope to have the full cooperation 
of everybody in keeping the work of the Committee on Research on a high plane. 


Report of Certified Public Accountant on Research Fund 


RESEARCH LABORATORY OF THE AMERICAN SOcIETY OF HEATING AND VENTILATING 
ENGINEERS 


29 West 39TH Street, New York City 
Gentlemen : 

As requested I audited the books of account and records of the Research 
Laboratory of the AMERICAN Society oF HEATING AND VENTILATING ENGINEERS, 
Pittsburgh, Pa., for the year ended December 31, 1929, and submit herewith my 
report. 

The recorded Cash Receipts for the year previously stated were traced into the 
banks, also the cancelled checks and duly approved disbursement vouchers were 
checked against the cash book. 

A verification of the Cash on Deposit was obtained by communicating directly 
with the depositories and reconcilement of the amounts reported to the balances 
reflected by the books of account. 

Respectfully submitted, 
Frank G. Tusa, 
Certified Public Accountant. 
Casu Receipts anp DisBURSEMENTS 
Research LaBoRATORY OF THE AMERICAN Society oF HEATING AND VENTILATING ENGINEERS— 
PitrspurcH, Pa. 
For tHe Year Enpep DecemBer 31, 1929 


Balance—December 31, 1928, per Former Report $ 4,910.03 
ipts 
From the American Society oF HEATING AND VENTILATING 
ENGINEERS 





67 
10,257.87 $33,426.54 
110.05 33,536.59 
38,446.62 





Disbursements 
Salaries—per Schedule a ite 23,141.32 
Traveling—F. C. Houghten... F 1,663.95 
Traveling—Stafft <a, ‘e 200.26 
Traveling—Executive Committee haa 226.50 2,150.71 


Laboratory Equipment and Supplies..................020005 1,836.74 

University Cooperation 5,812.30 
Expenditures 

Telephone and Telegraph 


Expressage 


ee 
tenography Tvice 

Meeting Expense 

Furniture and Fixtures 

Printing and Stationery .25 

Miscellaneous ¥ 742.08 33,683.15 


ee 20. SOO, 6 ci ncddsbonedecccdnedasdeesecduns $ 4,763.47 


DISPOSITION OF FUNDS 
At New York, N. Y. 
s Trust Company 
on a $ 1,680.54 
Securities—3 General American Tank Car Corp. Bonds 
(Market Value $2,910.00) 3,045.61 $ 4,726.15 


At Pittsburgh, Pa. 
Oakland | P+ and Trust Company 





20.23 
17.09 37.32 
$ 4,763.47 











Tue THirty-sixtH ANNUAL MEETING 29 


The report of the Continuing Committee on Codes for Testing and Rating 
Steam Heating Solid Fuel Boilers, was read by L. A. Harding, chairman, and 
is printed in full on p. 35. 


Report of Guide Publication Committee 


The best report that the Guide Committee can make is that THe Guipe will be 
waiting for you when you get home. The Gurpe 1930 is a new book. Almost every 
page has been changed in one way or another. There are several new chapters and 
many new tables. Despite all of this costly mechanical service, the cost of the 
Guiwe 1930 has been reduced about 45 cents from the cost of the Gumpe 1929. These 
figures cannot be taken too seriously, of course, because we have increased production 
and because the cost each year involves some hangover cost of the year previous, 
which was on a smaller production. We are climbing the peak all the time. We 
are printing about 3,000 more copies for 1930 than we did for 1929. 

Tue Gume is supposed from its name to be a leader through dark places and 
over stony roads. In this connection, the Guide Publication Committee feels that 
it would fail in its duty as a committee unless it suggests to its successor committee 
a few of its ideas for use of THE GumDE. 

The 1929 Committee has worked harmoniously. For the things in the present 
edition of THe GuipE which are commendable, credit should be given to the staff 
of the Society—Messrs. Hutchinson, Close, Houghten and Korman and Miss 
O’Neil, who have worked most zealously without regard to overtime in building 
Tue Guipe. For the things in the present edition of THe Gurpe which are not 
pleasing to you, blame should be given to the Chairman of the Publication Committee, 
who has been given a free hand by the Committee and who can offer no alibis. The 
Chairman has confidence that he will hear of his mistakes from you and can only 
promise to correct and amend as may be pratticable. 

The staff of the Society has developed to a point where in the judgment of the 
Committee it may be practicable to make THe Gute a routine production of the 
staff, without any so-called Guide Publication Committee, just as we now handle 
the JouRNAL, under the general supervision of the Publication Committee of the 
Council. The Guide Publication Committee suggests further that THe Gume in 
its function as a leader should promote and suggest improvement in nomenclature. 
The trade names of Heating and Ventilating Engineers are cumbersome and archaic. 
Many terms, such, for instance, as unit heater, vacuum valve, radiator, are mis- 
leading and cumbersome, and the present committee could develop improved trade 
nomenclature. 

The Guide Publication Committee suggests finally that the term “square foot” 
and the term “horse power” be deleted from future editions of THe Gung, or at least 
that where “square feet” is used in pipe size and other tables that heat units be 
given in the parallel column, during the transition period, until gradually we can get 
rid of these old terms. 

Tue Gute is the product of the service of many generous people, most of them 
not even being members of the Society. The Publication Committee wishes to 
acknowledge its indebtedness to these friends. 

Respectfully submitted, 
S. R. Lewis, Chairman. 


W. T. Jones, chairman of the Finance Committee, presented the amendments 
to the By-Laws for consideration. These amendments were submitted to the 
Society through the mail and Mr. Jones explained that the two principal 
objectives were, to safeguard the funds of the Society, and to segregate under 
one heading those items which apply to the handling of the funds of the Society. 
The proposed amendments were read by Mr. Jones as follows: 


AMENDMENTS TO THE By-Laws 
In accordance with the provision of the By-Laws relating to Amendments, the 
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following changes were voted upon at the Annual Meeting 1930 held at the Benjamin 
Franklin Hotel, Philadelphia, Pa., January 28 to 31, 1930, and unanimously adopted. 


By-Laws 
(1) Article XIII—Amendments: to become Article XIV. 
(2) Article XIII—Funds. 


Section 1. All funds and moneys shall be received, deposited, invested and disbursed under 
the direction of the Council. 


Section 2. When so directed by the Council, the Chairman of the Finance Committee shall 
invest such portion of any funds of the Society as determined by the Council in securities 
legal for the investment of funds of savings banks of the State of New York. All investments 
shall be approved by the Council. 


Section 3. Any bequest or gift to the Society which the donor shall designate to be used, 
for a specific purpose shall, after acceptance by the Council, be deposited or invested in the 
manner provided by Sections 1 and 2, and the income or principal, as designated by the donor, 
used for the specific purpose designated. 


Section 4. An endowment fund for research and such other purposes devoted to the art 
of heating and ventilating as may be determined by the Council shall be established. The 
interest or income from this fund shall be used each year as shall be determined by the 
Council. The principal shall remain intact and shall be deposited in banks or invested in 
securities legal for the investment of funds of savings banks of the State of New York, as 
determined by the Council in the manner provided by Section 1 and 2. 


Section 5. At the beginning of each year the Finance Committee shall present to the 
Council a budget of estimated income and expenditures for the current year, which after ap- 
proval by the Council shall govern the expenditure of Society funds for that year. Any proposed 
expenditure of Society funds outside of the approved budget shall be approved by the Council 
before the expenditure is made. 


Section 6. Any money due the Society shall be collected by the Secretary, who shall enter 
all receipts in the books of the Society and deposit same to the Treasurer’s account. The Sec- 
retary shall receive all bills against the Society, and shall present them for audit and approval 
to the Chairman of the Finance Committee. The approved bills shall be referred to the 
Treasurer which officer if he also approves the bills shall draw and sign a check payable to the 
account of American Society or HEATING aNpD VENTILATING ENGINEERS for the total amount 
of the approved bills. The Treasurer shall present the approved bills with the check of the 
President of the Society for his examination. After approval of the bills by the President, that 
officer shall countersign the check in payment thereof, which check shall be deposited to the 
account of American Society or HEeaTiInG AND VENTILATING ENGINEERS and known as the 
Secretary’s account. The Secretary shall promptly draw against this account in settlement of 
the approved bills. The Secretary shall have the authority to pay salaries, traveling expenses 
and petty cash in accordance with the budget. In case of disability or absence of the Treasurer, 
the Chairman of the Finance Committee is authorized to sign checks. He shall give bond in the 
same manner as provided for the Treasurer. 


Section 7. After December 31st, and before the Annual Meeting of the Society in January, 
the accounts of the Society shall be audited by a certified public accountant, selected by the 
Council at its last meeting in the calendar year. The auditor’s report shall be presented at the 
Annual Meeting of the Society by the Chairman of the Finance Committee. 


Section 8. The funds of the Research Laboratory shall be handled separately from the 
funds of the Society, in accordance with the By-Laws of the Society and the regulations which 
govern the Research Laboratory. 


(3) Article VII, Section 4, reads as follows: 


The Treasurer shall have the custody of all the funds of the Society, and shall deposit 
them to the credit of the Society in such bank or depository as the council may designate, and 
he shall disburse the same as provided in Article VIII, Section 3. He shall enter regularly in 
books of the Society to be kept by him for the purpose, full and accurate account of all moneys 
received and disbursed for the Society. He shall at all reasonable times exhibit his books and 
accounts to any member of the Council, and shall perform all duties incident to the office of 
the Treasurer, subject to the control of the Council. He shall give a bond in a penal sum 
and with a surety or sureties approved by the Council, for the faithful performance of his 
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duties as Treasurer. If a surety company bond is furnished the premiums therefore shall be 
paid by the Society. 

To be amended to read as follows: 

The Treasurer shall have the custody of all the funds of the Society, as provided in Article 
XIII. He shall at all reasonable times exhibit his books and accounts to any member of the 
Council, and shall perform all duties incident to the office of the Treasurer, subject to the 
control of the Council. He shall give a bond in a penal sum and with a surety or sureties 
approved by the council, for the faithful performance of his duties as Treasurer. If a surety 
company bond is furnished the premiums therefore shall be paid by the Society. 

(4) Repeal Section 7, Article VI; Section 5, Article VII; Section 3, Article VIII; which 
are covered in the proposed Article XIII. 


Article VI, Section 7, which reads as follows: 

The Council shall designate the bank or depository in which the funds of the Society shall 
be deposited and shall by appropriate resolutions designate the purpose for which the funds 
may be withdrawn and authorize such withdrawal. In case of disability or absence of the 
Treasurer the Chairman of the Finance Committee is authorized to sign checks. He shall give 
bond in the same manner as provided for the Treasurer. 

Article VII, Section 5, which reads as follows: 

The accounts of the Treasurer and the books of the Society shall be audited annually by 
a certified public accountant selected by the council at least thirty (30) days before the close 
of the fiscal year. 

Article VIII, Section 3, which reads as follows: 

The Finance Committee shall prepare an annual budget of expenditures for the Society and 
shall pass upon and approve in writing all expenditures authorized by the Council. No ex- 
penditures are to be made by the Secretary, except for salaries, traveling expenses and petty 
cash, unless authorized by the Chairman of the Finance Committee, on forms provided for 
that purpose. 

Amend Article VIII, Section 1, as follows: 

Eliminate item “e’’ Research Committee. 

Amend Article IX, Section 1, by substituting for the words: Article VIII, Section 3, the 
words: Article XIII, Section 6. 


The installation of the newly elected officers of the Society, L. A. Harding, 
President; W. H. Carrier, First Vice-President, and F. B. Rowley, Second 
Vice-President, and the four new members of Council, was conducted with the 
assistance of Past Presidents J. I. Lyle and H. M. Hart. 


The President next called for unfinished business and resolutions presented 
by J. F. Hale were adopted. 


Resolved that the Society express its hearty congratulations to those who made 
possible the remarkable success of the Heating and Ventilating Exposition. 

Resolved that the Society express its appreciation for the splendid cooperation 
they have received from the representatives of the press. 

Resolved that we extend to the management of the Benjamin Franklin Hotel, 
our thanks and appreciation for the excellent service rendered and the pleasant accom- 
modations provided. 

Resolved that it is the sense of this meeting that the general arrangement 
committee involving program, transportation, banquet and the entertainment of our 
ladies has overlooked nothing, and we wish to extend to them our appreciation for 
the graceful manner in which our interests and happiness have been anticipated. 

At the conclusion of the Meeting attention was called to the recent death of 
John A. Quinn, President of the National Association of Master Plumbers, and a 
resolution expressing the sincere sympathy of the Society to the members of his 
family was presented. by H. G. Black, and adopted. 

The meeting adjourned. 
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PROGRAM 36TH ANNUAL MEETING 
AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
BENJAMIN FRANKLIN Horer, PHILADELPHIA, Pa. 
Monday, January 27, 1930 


10:30 a.m. Reception of Guests and Registration 
Time set aside for visitors to accept invitation of the heating and venti- 

lating manufacturers of Philadelphia and vicinity to inspect manu- 
facturing processes and plants. 

2:30P.m. Council Meeting 

4:00p.m. Ladies’ Tea 

6:00 p.m. Ladies’ Dinner 

8:00 p.m. Heating and Ventilating Exposition, Commercial Museum 

9:00r.m. Theatre Party for Ladies 

11:30r.m. Buffet Supper 


Tuesday, January 28, 1930 


BENJAMIN FRANKLIN Hore 


9:00 a.m. Reception and Registration 
9:304.m. Greeting by John Cassell, Honorary Chairman 
Response by President Thornton Lewis 
Introduction of R. C. Bolsinger, General Chairman 
Report of Tellers 
Power from Process and Space Heating Steam, by L. A. Harding 
Report of Council 
Report of Committee on Increase in Membership, C. W. Farrar, Chairman. 
12:00 Noon Ladies’ Luncheon 
12:30Pr.m. Luncheon for Society Officers and Authors of Papers 
1:30Pr.m. Motorbus to Valley Forge for Ladies 


Tuesday, January 28, 1930 


CoMMERCIAL MusEuM 


2:00 p.m. Report of Finance Committee, W. T. Jones, Chairman 
Pressure Difference Across Windows in Relation to Wind Velocity, by 
J. E. Emswiler and W. C. Randall 
Air Infiltration Through Various Types of Brick Wall Construction, by 
G. L. Larson, D. W. Nelson and C. Braatz 
6:30Pp.m. Dinner Meeting Committee on Research—Benjamin Franklin Hotel 
8:00r.m. Heating and Ventilating Exposftion for Members and Ladies, Commer- 
cial Museum 


Wednesday, January 29, 1930 


BENJAMIN FRANKLIN Hore. 


9:30a.m. Report of the Committee on Research 
Report of Research Director : 
Effects of Air Velocities on Surface Coefficients, by F. B. Rowley, 
A. B. Algren and J. L. Blackshaw 
Absorption of Solar Radiation in Its Relation to the Temperature, Color, 
Angle and Other Characteristics of the Absorbing Surface, by F. C. 
Houghten and Carl Gutberlet 
Preventing Condensation on Interior Building Surfaces, by Paul D. Close 
12:30Pr.m. Ladies’ Luncheon at the Benjamin Franklin Hotel 


2:00 r.m. Ladies’ Matinee 
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Wednesday, January 29, 1930 
CoMMERCIAL MusSEUM 
2:00 p.m. Standard Code for Testing and Rating Steam Unit Heaters, D. E. French, 
Chairman 
Suggested Method of Testing Unit Heaters Suitable for Field Use, 
by L. S. O’Bannon 
The Measurement of the Flow of Air Through Registers and Grilles, 
by L. E. Davies 
4:00 p.m. Ladies’ Tea, Benjamin Franklin Hotel 
6:30Pr.m. Past Presidents’ Dinner 
Dinner for Wives of Past Presidents 
8:00r.m. Heating and Ventilating Show—Commercal Museum 


Thursday, January 30, 1930 
BENJAMIN FRANKLIN HOorTeEL 


9:30r.m. Report of Continuing Committee on Codes for Testing and Rating Steam 
Heating Solid Fuel Boilers, L. A. Harding, Chairman 


Rating of Heating Boilers by Their Physical Characteristics, by 
C. E. Bronson 
Report of Committee on Garage Ventilation, E. K. Campbell, Chairman 
Report of Committee on Natural Ventilation 
Airation Studies of Garages, by W. C. Randall and L. W. Leonhard 
11:30a.m. Breakfast-Bridge for Ladies, Benjamin Franklin Hotel 
Thursday, January 30, 1930 
CoMMERCIAL MusEuM 
2:00p.m. Report of Guide Publication Committee, S. R. Lewis, Chairman 
Pipe Sizes and Orifice for Small Gravity Circulation Hot Water Heating 
Systems, by E. G. Smith 


Panel Warming, by L. J. Fowler 


Development of a Method for Heat Regulation, by F. I. Raymond and 
x bert 


4:00p.m. Ladies’ Tea, Benjamin Franklin Hotel 
7:00r.m. Annual Banquet and Dance, Benjamin Franklin Hotel 
Friday, January 31, 1930 
BENJAMIN FRANKLIN HoreL 
9:30a.m. Amendments to By-Laws 
Installation of Officers 


Friction Losses and Observed Static Pressures in a Domestic Fan 
Furnace Heating System, by A. C. Willard and A. P. Kratz. 


Air Conditioning the Halls of Congress, by L. L. Lewis and A. E. Stacey 
Tests of Disc and Propellor Fans, by A. I. Brown 
Resolutions 
Shopping Tour for Ladies 
1:30P.m. Council Meeting 
CoMMITTEE ON ARRANGEMENTS 
R. C. Bolsinger, General Chairman; John D. Cassell, Honorary Chairman 
a Committee: Lee Nusbaum, Hostesses: Mrs. Thornton Lewis, Mrs. 


hairman M. C. Gillett, Mrs. W. G. Culbert, 
Ladies’ Entertainment Committee: M. C. Mrs. M. F. Blankin, Mrs. R. C.. Bol- 
Gillett, Chairman singer, Mrs. C. G. Binder, Miss Edgar, 
Banquet Committee: A. J. Nesbitt, Mrs. A. H. McDade, Miss Theodora 
Chairman Jellett, Mrs. William Miller, Mrs. A. J. 


Publicity and Transportation Committee: Nesbitt, Mrs. Lee Nusbaum, Mrs. H. J. 
F. D. Mensing, Chairman Walther, Mrs. Warren Webster, Jr. 




















No. 848 


REPORT OF CONTINUING COMMITTEE ON 
CODES FOR TESTING AND RATING STEAM 
HEATING SOLID FUEL BOILERS 


HIS committee was charged by the Society to review and report on: 

1. A.S.H.V.E. Code for Testing Steam Heating Boilers (adopted 
January, 1929). 

2. A.S.H.V.E. Code for the Rating of Heating Boilers Burning Solid 
Fuel (adopted January, 1929). 

The committee suggested several minor changes in the test code at the Sum- 
mer Meeting 1929 which were adopted by the Society and designated A.S.H.V.E. 
Codes 1 and 2. Standard and Short Form Heat Balance Codes for Testing 
Low Pressure Steam Heating Solid Fuel Boilers. It also presented an addi- 
tional test code known as the A.S.H.V.E. Performance Test Code of Steam 
Heating Solid Fuel Boilers, which was likewise adopted by the Society. The 
committee presented a suggested revision in the rating code at the Summer 
Meeting with the further suggestion that no action be taken at that time. 

In the following report the committee has endeavored to review briefly arid 
discuss several suggested methods of rating boilers, also the warm air furnace 
rating code in the following order: 

1. A.S.H.V.E. Code for Rating Heating Boilers Burning Solid Fuel. 
2. Recommended revision of the A.S.H.V.E. Rating Code. 


3. A Rating Code as adopted by the Steel Heating Boiler Institute, 
December 10, 1929. 

4. A rating code for warm air furnaces for gravity circulation, the first 
edition of which was approved by the Society in 1923. 


COMMENTS ON THE COMMITTEE CONCERNING THE SUBJECT OF BoILeR RATING 
Object of Rating Codes 


The committee believes that the principal objects of any rating code are: 
(a) To furnish the purchaser with sufficient information in reference 
to the apparatus rated that he may make an intelligent selection to suit 
his particular needs and requirements, 


(6) It is further apparent that the information conveyed by the rating 
should be given in some uniform manner in order that an intelligent 
price comparison may be made between similar apparatus as manufac- 
tured by different concerns, 
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Assuming that this general conception of a rating code is correct, it would 
appear that it is difficult, if not altogether impossible, to entirely divorce the 
subject of selection from rating. A dual responsibility exists between the pur- 
chaser and manufacturer if any installation is to be successful from the stand- 
point of operation. The manufacturer is responsible for furnishing correct, 
reliable and sufficient information regarding the apparatus and the purchaser 
is evidently responsible to the extent of utilizing the apparatus in a manner 
which is consistent with the information as furnished. 


If the purchaser is provided with a uniform method for determining the 
loads under which the apparatus is to be employed, as for example the 
A.S.H.V.E. Code of Minimum Requirements for Heating and Ventilation of 
Buildings (Section V) which specifies the manner by which the design load 
and maximum load are to be determined, then it is apparent that it is incumbent 
upon the manufacturer to furnish at least this much guaranteed information 
regarding his apparatus, if the purchaser is to fulfill his part of the assumed 
obligation for a successful installation which it must be assumed is the object 
sought by all concerned in the matter. 


It is apparent that the adoption of any rating code which does not permit 
the provisions of the A.S.H.V.E. Code of Minimum Requirements for the 
Heating and Ventilation of Buildings being carried out would require a revision 
of this code as now written. 


The following extract from the A.S.H.V.E. Code of Minimum Requirements 
for the Heating and Ventilation of Buildings is frequently referred to in this 
report: 


SECTION V 

MINIMUM CAPACITY AND INSTALLATION REQUIREMENTS FOR LOW PRESSURE 

a STEAM AND HOT WATER HEATING BOILERS 
employing solid fuels stated in Btu per hour shall be taken as the sum of the following items: 
(A) The estimated heat emission in Btu per hour of the connected radiation, direct, indirect 
‘er both, to be installed as determined by computation from data given in Sections II 

and III for normal operation. 
(B) The estimated maximum heat in Btu per hour required to supply water heaters or other 
apparatus to be connected to the boiler or boilers. 
(C) The estimated heat loss in Btu per hour of the piping connecting radiation and other 
apparatus with the boiler or boilers (see Table 1). 


(D) The estimated increase in the normal load in Btu per hour due to starting with cold 
piping and radiation. This increase is to be based on the sum of items (A), (B) and (C) 
and shall be assumed not less than the following: 


Taste 1—Percentace Increase TO Be Appep To Normat Loap 





— of Items (A), (B) and ™ giv — Percentage Increase 
Sq Ft) 





) in Btu per Hour to Be Added 
Up to 100,000 Up to 417 65 
100,000 to 200,000 417 to 834 60 
200,000 to 600,000 834 to 2502 55 
600,000 to 1,200,000 2502 to 5004 50 
1,200,000 to 1,800,000 5004 to 7506 45 
Above 1,800,000 Above 7506 40 











(1) Estimated Boiler Load: For the purpose-of this Code the estimated connected load to 
the boiler or boilers. 
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(2) Boiler Capacity to Be Installed: The boiler or boilers to be installed shall be guaranteed 
by the manufacturer of the boiler to be capable of supplying, at the boiler outlets, the total 
Btu per hour as computed by the method outlined in the preceding paragraph and under the follow- 
ing conditions of operation each of which is to be stated in the specifications covering the 
installation for which the boiler or boilers are intended. 


Table Percentage 
100 





The Heating-up Factor = 1 + 


It appears to this committee that a rating code for any type of apparatus must 

of necessity include the following items: 
1, The output. 
2. Specified conditions of operation for the output stated. 
3. The limits placed on certain specified conditions. 

It is also obvious that one must reproduce the conditions in practice under 
which the apparatus was originally rated if comparative results are to be realized 
or attained. It is necessary to standardize limits for some of the specified con- 
ditions, otherwise a rating code could not fulfill its function. Some of the 
limits to conditions are naturally now set by custom and usage or by ordinances 
or laws, designed to protect the health and safety of the community. For ex- 
ample, custom and usage have decreed that the conditions relative to steam 
pressure for rating purposes, shall be 2-lb gage at the boiler for heating 
boilers, and 2 per cent priming, whereas, overall efficiency, draft tension, tem- 
perature of flue gas and rate of combustion are conditions over which it is diffi- 
cult at least to assign exact or definite limits in the present state of this art. 


Placing a minimum value limit on boiler efficiency covering the average load 
period of the heating season, would appear to be in line with a program of fuel 
conservation and would probably receive a welcome by prospective owners of 
heating boilers. Not the least item, however, in boiler economy is the manner 
in which the boiler is actually operated by the owner and over which the manu- 
facturer has no actual control. The manufacturer can and does produce boilers 
which give relatively high efficiencies when properly operated but it is difficult 
to set a minimum efficiency limit that would produce the actual results appar- 
ently desirable. 


This Committee is fully cognizant of the fact that no rating code can be de- 
vised that will make proper boiler selection for estimated loads automatic or 
will entirely remove the possibility of making errors in selection. The same 
degree of intelligence must apparently be employed in selecting a boiler from 
manufacturers’ data that the purchaser displayed in the more intricate calcula- 
tion of the heat losses for the correct selection of the amount of radiation to 
be installed. 


DEFINITIONS 


There are a number of terms employed in this art, the meaning of which is 
either vague, not clear or by no means standardized. In order to avoid any 
misunderstanding of the interpretation of the various terms employed in this 
discussion, the following definitions have been included: 

Purchaser: Construed to mean the person responsible for the selection of the boiler. 


Equivalent Direct Radiation: The heat emission of 240 Btu per hour per square foot of 
manufacturers’ rated surface of direct steam radiation and 150 Btu per hour per square foot of 
manufacturers’ rated surface of direct hot water radiation. 
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One-Number Boiler Rating: A single rating stated for each boiler listed in a manufacturer’s 
catalog. 

Multi-Number Boiler Rating: Two or more ratings stated for each boiler listed in a 
manufacturer’s catalog. 

Dimensional Boiler Rating: A one-number rating based on some physical dimension of 
the boiler, as for example the grate suriace, boiler heating surface, or both, 

Heating Boiler Output: As defined by the A. S. H. V. E. Performance Test Code for 
Steam Heating Solid Fuel Boilers (adopted June, 1929. See A. S. H. V. E. Transactions, 
Vol. 35, 1929, p. 332.) 

Grate Area: As defined by the A. S. H. V. E. Code for Testing Low Pressure Boi'ers 
Burning Solid Fuel. (1929 edition. See A. S. H. V. E. Transactions, Vol. 35, 1929, p. 322). 

Boiler Heating Surfaces: The sum of the areas of all surfaces in the boiler which are 
exposed to the products of combustion on one side and water on the other side measured in 
square feet. 

Boiler Efficiency: The over-all efficiency of grate and boiler as defined by the A. S. H. V. E. 
Performance Test Code for Steam Heating Solid Fuel Boilers (June, 1929 edition. See 
A. S. H. V. E. Transactions, Vol. 35, 1929, p. 332). 

Priming: The amount of free moisture carried by the dry saturated vapor delivered by the 
boiler outlets stated as a percentage of the sum of the weights of dry saturated steam plus the 
free moisture delivered at boiler outlets. 

Estimated Design Load: The load, stated in Btu per hour or equivalent direct radiation, as 
estimated by the purchaser for the conditions of inside and outside temperature for which the 
amount of installed radiation was determined and is the sum of the heat emission of the radiation 
to be actually installed plus the allowance for the heat loss of the connecting piping plus the 
heat requirement for any apparatus requiring heat connected with the system. (A. S. H. V. E. 
Code of Minimum Requirements for the Heating and Ventilation of Buildings). 


Estimated Maximum Load, Peak Load, Starting-Up Load: These terms are considered 
synonymous and are construed to mean the load, stated either in Btu per hour or equivalent 
direct radiation determined by the purchaser to be the greatest estimated output that the boiler 
will be called upon to carry in operation. The maximum load is a function of the time assumed 
to raise the temperature of cold piping and radiation to normal operating temperature. The com- 
mittee recommends the use of the term estimated maximum load in this connection. (See 
Section V, A. S. H. V. E. Code of Minimum Requirements for the Heating and Ventilation of 
Buildings.) 

Net Load: This term as now employed in heating literature has various meanings, 
viz., installed direct radiation, design load and maximum load. The committee recommends that 
this term be dropped from heating literature as serving no especially useful purpose. 

Estimated Average Load: The estimated average load stated in Btu per hour of equivalent 
direct radiation for the heating season and based on the average outside temperature during 
the heating season for the locality in question. 

Heating-Up Factor: The factor by which the estimated design load is multiplied in deter- 

Percentage added 
mining the estimated maximum load. This is equal to 1 + T00 . (See 





Section V, A. S. H. V. E. Code of Minimum Requirements for Heating and Ventilation of 
Buildings.) 

Also see Time Analysis in Starting Heat Apparatus, by Ralph C. Taggart, A. S. H. V. E. 
Transactions, Vol. 19, 1913, for a complete mathematical treatment of this subject. This paper 
gives heating-up factors or per cent overload based on the design load for various lengths of time 
required to warm up or start the heating apparatus. The author calls attention in this paper 
to the fact that Boiler Performance Curves are desirable. 

The heating-up factor is dependent upon the time permitted or assumed for completely heating 
all the piping and radiation to operating temperature. The shorter the time the greater the boiler 
output required. If approximately two hours are allowed for this operation with cast iron radia- 
tion, the heating-up factor approaches a value of 1 and the boiler is therefore subject to no 
overload from this cause. 

Heating-up factors as determined by Section V of the Code of Minimum Requirements for 
the Heating and Ventilation of Buildings are, it is believed, considered reasonably satisfactory 
by heating engineers. 
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The following approximate analysis of the heating-up load for a steam system although not 
strictly accurate, will serve to illustrate the fact that normally the maximum load on any heating 
boiler is determined by the time that is allowed or assumed to raise the temperature of cold 
radiation to normal operating temperature. 


The following assumptions are made: 


Weight of radiation and piping: 8 lb per square foot of installed equivalent steam radiation. 
Specific heat of iron: 0.12. Initial temperature of iron: 40 F. Final temperature of iron: 215 F. 
Temperature of air surrounding radiation: 40 F and assumed constant during the heating-up 
period. Unit heat emission for radiating surface: 1.7 Btu per hour per square foot per degree 
difference in temperature between radiating surface and the air. Heat emission of radiation: 240 
Btu per hour per square foot in normal operation. Time allowed for the heating-up period: 45 
minutes or % hour. 


To heat the iron requires: 80.12 (215—40) = 168 Btu per square foot of radiation. The 
heat emission of the radiation during the heating-up period is approximately: 
3 215 + 40 
— X 1.7 { —— — 40 } = 111.6 Btu per square foot 
4 2 
The total heat to be supplied by the boiler in 3% hour is therefore: 
168 + 111.6 = 280 Btu, or at the rate of 
280 x 4/3 = 373 Btu per hour. 
373 
The boiler for the assumed conditions evidently must be capable of delivering a 


1.55 (heating-up factor) times as much heat as is required for normal operation. 


Attention, Firing Period, Fuel Available in Hours: The hours required to burn one available 
fuel charge. Fuel available is defined in the A. S. H. V. E. Performance Boiler Test Code for 
Steam Heating Solid Fuel Boilers. (See 1929 edition A. S. H. V. E. Transactions Vol. 35 
1929 p 332). The committee recommends the discontinuance of the use of the terms attention and 
firing period. 


(1) A.S.H.V.E. Cope ror Ratinc HEatinGc BorLers BurNniNnG So.tip FUEL 
(ApoptTep JANuaARy, 1929) 


The rating of a boiler under this code requires that a series of tests be con- 
ducted under the rules of the A.S.H.V.E. Code for Testing Steam Heating 
Boilers to determine the actual output of the boiler covering a number of rates 
of combustion with a fuel having a calorific value of 12,500 Btu per pound and 
corresponding recorded flue gas temperatures. These two items are plotted 
against output on a chart which is part of the Code. 


The intersection of the combustion fate curve and flue gas temperature curve 
with corresponding lines printed on the chart each correspond to some output. 
The A.S.H.V.E. Rating output is the lower of the two outputs determined in 
this manner, plus 30 per cent of their difference providing the priming does 
not exceed two per cent moisture and that the CO, in the flue gases is not less 
than 12 per cent by volume. 


The Code states: Rating outputs conforming to this Code shall be known as 
A.S.H.V.E. Rating. 


This Code fixes the maximum output that may be designated as the 
A.S.H.V.E. Rating. The output allowed by this Code may require a higher 
draft or other operating characteristic than the manufacturer would desire 
when listing the boiler for average use; this Code allows that a lower rating 
output (assumed maximum) may be chosen and listed as the A.S.H.V.E. Rating. 

This scheme evidently provides a one number maximum output rating as 
determined by providing certain limits on the operating conditions. The fol- 
lowing paragraph appears under the heading 
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Purpose: 

This Code is not intended to supplant the more correct engineering practice of determining 
the available output of boilers for specified operating conditions by a study of analysis of the 
complete data given by performance charts nor does it preclude the assigning of other rating 
output values to meet purchasing specifications or a specified set of operating conditions. The 
rating outputs as determined by this Code are intended for average conditions and for the use of 
purchasers not competent or desirous of making comparisons and selections from performance 
charts. 


The intent of the last sentence in the preceding paragraph is not entirely 
clear. The purchaser provided with only the maximum output of the boiler 
would necessarily have to be sufficiently competent to select and apply a safe 
heating-up factor to his estimated design load to arrive at the maximum load 
in order to select the correct boiler rated in this manner, or the maximum output 
rating as given by the manufacturer would have to be divided by the purchaser’s 
assumed heating-up factor to arrive at the output rating corresponding to the 
estimated design load. In either case it must be assumed that the purchaser is 
sufficiently competent to apply the provisions of Section V of the A.S.H.V.E. 
Code of Minimum Requirements for the Heating and Ventilation of Buildings. 

The committee interprets the term performance charts to include performance 
tabular data from which charts may be constructed. The committee infers that 
a boiler rated in this manner is not to be connected with a greater maximum 
load than is determined by the provisions of Section V, A.S.H.V.E. Code of 
Minimum Requirements for the Heating and Ventilation of Buildings. A more 
detailed discussion of this Code appears later in this report. 


(2) Succestep Revision or A.S.H.V.E. Ratinc Cope 


This revision is intended to provide a Code which requires the manufacturer, 
if he employs the A.S.H.V.E. Rating, to supply sufficient tabular output data 
for the construction of performance charts, which it is believed is in accord with 
the trend of modern engineering practice. The suggested revision requires a 
minimum of five outputs having a range from maximum output listed to at least 
35 per cent of maximum output for the minimum output listed. 

The only limit placed on the operating conditions for the outputs listed is that 
priming shall not exceed 2 per cent. Under each output listed the proposed 
revision requires numerical values for each of the following items: 


1. Fuel available. 4. Draft tension. 
2. Combustion rate. 5. Chimney dimensions. 
3. Efficiency. 6. Flue gas temperature. 


This scheme provides the purchaser with complete information as to the 
performance of the boiler under conditions as specified. It is recommended 
that the manufacturer print in bold face type or otherwise designate one of 
the output ratings listed for each boiler which will correspond with the pro- 
visions of Section V of the A.S.H.V.E. Code of Minimum Requirements for 
the Heating and Ventilation of Buildings. This feature also automatically 
provides a one-number design-load output rating. 

Furthermore, the purchaser with a multi-rating system is afforded the oppor- 
tunity not provided by a single number rating, of selecting or comparing boilers 
to suit his individual idea and requirements as to economy, firing period, draft, 
or height of chimney available, etc. The committee believes that the purchaser 
of any apparatus is entitled to full information in regard to its operating char- 
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acteristics. A more detailed discussion of the proposed code appears later in 
this report. 


Discussion oF A.S.H.V.E. Cope ror RATING HEATING BoILeRS BURNING 
Sotip Fuet (Apoptep JANuary, 1929) 


The committee in applying this Code to the rating of those boilers for which 
performance data were made available by boiler manufacturers found in many 
cases that either the combustion rate performance curve from the test data, or 
the flue gas temperature performance curve, or both, did not intersect the cor- 
responding combustion and flue gas temperature limitation lines as contained 
in the Code. 

Extrapolation of the performance curves beyond the test data in practically 
all cases examined gave a rating larger than the manufacturers’ catalog rating. 
This condition is natural as the manufacturer’s rating is perhaps more often 
intended to correspond to the design load to which the boiler is to be connected 
and not the maximum load to be carried during the heating-up period. 


Figures* 1, 2, 3 and 4 shows the application of the A.S.H.V.E. Code for 
Rating Heating Boilers Burning Solid Fuel to several boiler performance 
charts. Figs. 6 and 6a show the application of the A.S.H.V.E. Code for Rating 
Heating Boilers Burning Solid Fuel to four cast-iron sectional type boilers of 
the same make. It will be observed that the maximum output as determined 
by this Code parallels with and is fairly close to that as reported by the manu- 
facturers for maximum output. In both cases the rate of combustion decreases 
as the grate area and output increases. 


The application of the A.S.H.V.E. Rating Code to six cast-iron magazine 
type boilers of the same make is shown by Figs. 7 and 7a. It will be observed 
that the maximum output rating as determined by the Code requires a decreasing 
rate of combustion as the grate area and output increases. The rate of com- 
bustion for the manufacturer’s design output rating and maximum output rating, 
however, increases with the increase in output and grate area. 


Referring to Table 2 and Fig. 5, it will be observed that when the present 
rating Code is applied to determine the maximum output, and the Code of 
Minimum Requirements for the Heating and Ventilation of Buildings is em- 
ployed to determine the output corresponding to the design load, in many cases 
this latter output compares favorably with the manufacturers’ catalog rating 
for boilers below 3,000 sq ft rating. Above this rating, however, the com- 
parison is not so obvious. The committee believes it is impractical at the 
present time at least, to assign limits to a combination of combustion rate and 
flue gas temperature, without considering the CO, limit, which would be rea- 
sonably equitable to the many and varied designs of heating boilers now avail- 
able or in contemplation. The committee can find no precedent in which a 
condition affecting the efficiency of the apparatus is limited. Limits placed on 
flue gas temperature and CO, would undoubtedly have an effect on efficiency. 
It is believed by this Committee that it is the prerogative of the manufacturer 
to decide on the maximum output rating he desires to publish for any boiler 
he manufactures. 


*Figs. 1 to 7a, inclusive, and Table*2 appear in Continuing Committee Report published and 
mailed to members in advance of the meeting for discussion. 
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The corresponding design load to which the boiler may be connected is de- 
termined by dividing the maximum output rating by the heating-up factors as 
given by the A.S.H.V.E. Code of Minimum Requirements for the Heating and 
Ventilation of Buildings employing the same chimney. It is not likely that a 
manufacturer would willfully specify or require the installation of a chimney 
height beyond customary practice for the sole purpose of obtaining a high rate 
of combustion and therefore increased maximum output rating. See Section 
VII, A.S.H.V.E. Code of Minimum Requirements for the Heating and Ven- 
tilation of Buildings for minimum height of chimneys. 


RECOMMENDED REVISION OF THE JANUARY, 1929, A.S.H.V.E. CODE 
FOR RATING STEAM HEATING SOLID FUEL HAND-FIRED BOILERS 


(1) Purpose 
The purpose of this Code is to standardize the method to be employed and followed 
by any person, partnership, firm, corporation or association, who may desire to make 
use of or employ for any purpose whatsoever the statement: “The rating of the boilers 
herein listed are in accordance with the provisions of the A.S.H.V.E. Code (year) 
for Rating Steam Heating Boilers Burning Solid Fuel.” 


(2) Ratinc DESIGNATION 


It is understood that all ratings stated are guaranteed boiler outputs by the manu- 
facturer for the corresponding boiler designation as were determined and defined by 
the provisions of the A.S.H.V.E. Performance Test Code for Steam Heating Solid 
Fuel Hand-Fired Boilers (1929) and as governed by the conditions as set forth under 
paragraph (4) and accompanying the ratings. 

The output for each boiler shall be stated in thousands Btu per hour and also in 
square feet of equivalent direct radiation. It shall be optional to state, in addition to 
the two methods indicated, the output in pounds of steam per hour. 


(3) RANGE or Outputs For EacH Borer Listep 


There shall be stated a minimum number of five boiler outputs for each boiler listed. 
The outputs shall have a range from maximum output to approximately 30 per cent 
of the maximum output and the intermediate outputs given are to be approximately 
equally spaced between the minimum and maximum outputs. 


The manufacturer shall print in bold face type or otherwise designate the output 
rating of each boiler corresponding to the design load to which the boiler is intended 
to be connected as determined by the provisions of Section V of the A.S.H.V.E. Code 
of Minimum Requirements for the Heating and Ventilation of Buildings. 


(4) List or Conpitions, STATEMENTS OF LIMITING CONDITIONS AND 
MANUFACTURERS’ GUARANTEE 

There shall be stated under each output listed the numerical values for each of the 
following five items: 

1. Fuel available in hours. 
. Combustion rate, pound per hour per square foot of grate surface. 
. Over-all efficiency, per cent. 
. Average draft tension, inches of water. 
. Interior dimensions of chimney and height. 

6. Average flue-gas temperature, degrees Fahrenheit. 

The following statements shall be included with the rating tables: “The priming for 
any output listed does not exceed two (2) per cent.” 
For Anthracite Fuel 


“The ratings are based on a steam pressure of 2-lb gage at the boiler and anthracite 
coal stove size, having a calorific value of 12,500 Btu per pound on a moisture-free 
basis.” 
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For Bituminous Fuel 
“The ratings listed are based on a steam pressure of 2-lb gage at ee boiler and 

bituminous coal 3 in. by 2 in. size, having a calorific value of 13,000 Btu per pound 

sulphur content not exceeding 2 per cent and volatile content of not less than 30 per 

cent on a moisture-free basis.” 

For Coke Fuel 

“The ratings listed are based on a steam pressure of 2-lb gage at the boiler and 
by-product or gas coke of commercial size best suited to the boiler.” 

“The inside dimensions and height of chimneys listed should be satisfactory when 
properly constructed and having no other opening except for the purpose of serving 
the boiler and when free from the effect of adverse air currents. Allowance should 
be made for any other chimney openings, elbows in the smoke flue or breeching and 
for extra long smoke flue or breeching.” 


(5) Tasi_e or DIMENSIONS 
A comprehensive table of dimensions of the boilers listed shall be included in the 
same bulletin or catalog with the ratings. This table shall include the number and 
pipe size of steam and return connections and location, smoke flue dimensions and 
height above floor line, grate area and height of boiler-water line and such other 
dimensions as may be required for properly indicating the boiler to scale on a set of 
complete heating installation plans. 


(6) DEFINITIONS 
Purchaser: 
Construed to mean the person responsible for the selection of the boiler. 


Manufacturer: 
The individual, firm or corporation who manufactures the boilers for which cor- 
responding ratings are listed. 
Boiler Output: 
As defined by the proposed A.S.H.V.E. Performance Test Code for Steam Heating 
Solid Fuel Boilers. 
Estimated Maximum Load: 


Construed to mean the load stated in Btu per hour or equivalent direct radiation 
that has been estimated by the purchaser to be the greatest or maximum load that the 
boiler will be called upon to carry. 


Estimated Design Load: 


The load, stated in Btu per hour or equivalent direct radiation, as estimated by the 
purchaser for the conditions of inside and outside temperature for which the amount 
of installed radiation was determined and is the sum of the heat emission of the radia- 


SUGGESTED ARRANGEMENT OF PRESENTING OuTPpuUT DaTa 


























—_— Output Btu per Hr 1255000 | 864,000) 700000] 563000] 466000 
PB na a a Output Eq. Steam Rad. Sq Ft |. 5220] 3,600 2920 2355 1940 
ESIGNATION Output Eq. Water Rad. Sq Ft 8367 5,760 4667 3754 3106 
S-0-4 
Grate area =/Fuel available, hours................ 4 6.4 8 10 12 
11.94 sq ft Rate of combustion, pounds per hour. 13.12 8.5 6.56 5.25 4.37 
Available fuel |Efficiency, per cent..............+. 64.0 69.6 71.5 72.0 71.5 
holding ca- |Average draft, inches of water...... 0.14 0.12 0.06 0.03 0.02 
pacity—=627 |Avarage flue-gas temperature, degrees 
Ib. DUED fe 6inbede aesatanpane ie 540 502 460 420 380 
Inside dimension chimney, inches. . 16x20 | 16x16 16x16 12x16 | 12x12 
Min. height of chimney, feet........ 55 50 45 45 45 





(Statements as specified by the proposed revision of the code to accompany the rating tables) 

It is recommended that the manufacturer call attention to the fact that if the boiler is to be 
pon to | eeaereaand develop the maximum listed output the corresponding size chimney must be 
employed. 
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tion to be actually installed plus the allowance for the heat loss of the connécting 
piping plus the heat requirement for any apparatus requiring heat connected with the 
system. (A.S.H.V.E. Code of Minimum Requirements for the Heating and Ventila- 
tion of Buildings.) 
Equivalent Direct Radiation: 

Construed to mean the heat emission of 240 Btu per sq ft of manufacturers’ rated 


See AS HVE. Min. Reg. Code 
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EXAMPLE oF BorLeR PERFORMANCE CuRVES PLOTTED FROM BOILER 
PeRFORMANCE Dara GIVEN IN THE TABLE 


surface of direct steam radiation and 150 Btu per hour per sq ft of manufacturers’ 
rated surface of direct hot water radiation. 
Grate Area: 

As defined by the A.S.H.V.E. Code for Testing Low Pressure Steam Heating Solid 
Fuel Boilers. 
Fuel Available in Hours: 

Construed to mean the hours required to burn one available fuel charge. The avail- 


able fuel is defined by the proposed A.S.H.V.E. Performance Test Code for Steam 
Heating Solid Fuel Boilers. 
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g Over-All Efficiency: 

4 As defined by the proposed A.S.H.V.E. Performance Test Code for Steam Heat- 
ing Solid Fuel Boilers. 
Priming: 

i The amount of free moisture carried by the dry saturated steam vapor delivered 


by the boiler stated as a percentage of the total weight of the sum of the dry saturated 
steam plus the free moisture delivered. 


Signed L. A. Harprnc, Chairman, 
Frost 
F. C. HouGHTen 
CONTINUING COMMITTEE ON CopEs FoR TESTING AND 
RATING STEAM HEATING SoLip Fuet Borers. 


JOINT DISCUSSION 


Report of Continuing Committee on Codes for Testing and Rating 
Steam Heating Solid Fuel Boilers 


and 
Rating of Heating Boilers by Their Physical Characteristics 
j By C. E. Bronson 
(See page 225) 


W. H. Severns (WrittEN): Mr. Bronson stated that the plotted data 
shown in Figs. 1 and 2 are those pertinent to more than 800 boilers. These 
questions immediately arise: 


(1) Why was the straight line of Fig. 1 drawn through the upper plotted 
points to fix the capacity of a steel boiler at 14 sq ft of standard radia- 
tion per square foot of boiler heating surface? 


(2) Why was the curve of Fig. 2, fixing the capacities in square feet of 
standard radiation for various grate areas, drawn above the average 
of the plotted points for the larger boilers? 


Both curves as drawn represent ratings considerably greater than those that 
the majority of steel boiler manufacturers have been willing to ascribe to their 
various products. 


The rating of 14 to 17 sq ft of standard steam radiation per square foot of 
heating surface cannot always be justified by the numerical computations 
shown for power boilers, #.e., where 10 sq ft of heating surface may be 
allowed for a boiler output of 33,524 Btu per hour, or the equivalent of 140 
sq ft of standard radiation per 10 sq ft of heating surface. Large power 
boilers may easily equal or exceed this output, while smaller boilers may 
never under conditions equal the foregoing performance. 


The capacity obtainable from a boiler under fixed operating conditions is 
dependent upon the circulation of the water within the boiler, the amount of 
heating surface available for the absorption of the heat liberated by the 
burning fuel, the location of the heating surfaces, the amount of grate surface 
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upon which the combustion of the fuel may take place. Two boilers may not 
develop the same capacity when operated under identical conditions as to 
fuel, combustion rate, etc., although each has the same amounts of heating and 
grate surfaces. If the circulation of the water is hampered in one boiler and 
not in the other, the boiler with the restricted circulation will develop less 
capacity, likewise the same is true if the equal amounts of heating surfaces 
are so placed that one boiler is handicapped by the location of its heating 
surfaces. 

Steel heating boilers are built in sizes ranging from those having about 
1.8 sq ft of grate area to those having more than 60 sq ft of grate area. Such 
equipment ranges from toy size to that of a full-fledged power boiler. Obvi- 
ously then, the combustion spaces and the heating surfaces are likely to be 
deficient in amount in the smaller units. In small boilers the ratio of the 
heating surface to the grate surface may vary from 10 or 15 to 1, while in 
large units the ratio may be 50 to 1. 

Boiler performance is vitally affected by the boiler design and its propor- 
tions. All other conditions being fixed, a boiler cannot be satisfactorily given 
a rating based upon its physical dimensions alone, if mention is not made 
of the kind and calorific value of the fuel to be used, the combustion rate, the 
grate area, and the operating efficiency. 

The Rating Code for Steel Heating Boilers ignores nearly all of the fore- 
going essential conditions. The purchaser of a code rated steel boiler has no 
-idea of what may be necessary to make the boiler deliver its rated capacity. 
Furthermore, if a boiler so rated does develop the rated capacity at the steam 
outlets, the purchaser has nothing to indicate the operating efficiency of the 
unit. Will the boiler be an efficient or inefficient absorber of the heat liberated 
from the burning fuel? Will the listed capacity be obtained by wasting the fuel ? 

Knowledge of the capacities and the corresponding efficiencies at the differ- 
ent combustion rates possible with different available drafts is essential in 
order that the purchaser may properly select a boiler to operate under the 
conditions of his plant. Such information can be secured only by actual rating 
tests, and not by empirical equations based upon one or two physical dimen- 
sions of the boiler. The Steel Boiler Code is an attempt to rate all steel 
boilers, irrespective of their design or efficiency of operation, on the basis 
of 14 to 17 sq ft of radiation capacity per square feet of heating surface. 
Two empirical equations are provided for the calculation of the required grate 
area necessary for the capacity based on the heating surface. These equations 
seem unnecessarily complicated. The equations may be transposed without 
mathematical alteration to give the rating for a given amount of grate area. 
The equations with the terms transposed are: 


Catalog rating in square feet — (25.5 & grate area squared) + 200. 
Catalog rating in square feet — (16.8 grate area squared) + 1500. 


Either of the equations increases the rated capacity very rapidly as the 
grate area is made larger (see Fig 2 of paper). Properly placed and suffi- 
cient boiler heating surfaces are more important than grate area is, if efficient! 
boiler operation is to be secured. Small ratios of heating surface to grate 
surface are not desirable. It would seem that the general tendency will be 
to code rate boilers on their grate areas, without regard to the boiler design 
or the location or the amounts of their heating surfaces. 
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We have plotted, at the University of Illinois,.a number of curves based on 
the catalog data of several modern cast-iron and steel boilers. For the cast- 
iron boilers there have been no published data relative to the amounts of the 
boiler heating surfaces. Some of the cast-iron boilers have a very high rated 
capacity per square foot of grate area, which means that the rating must be 
secured by undue forcing of the boilers, high temperatures of the flue gases 
as they escape, lowered efficiency, and wasteful use of the fuel. 


W. H. Carrier: All I have to say is largely in support of the report of 
the last and especially the present Committee. I want to compliment Mr. 
Bronson on his very able presentation. He has gone about it in a scientific 
manner and I think he has put the arguments for the dimensional rating as 
clearly and forcibly as they can be put. 

From a manufacturer’s standpoint, where the forms and types of equipment 
are thoroughly conventional, such dimensional rating tends to maintain such 
standards, such proportions of design as are then in use. As, for example, 
take our rating of the automotive engine. For a long time this rating was 
considered a fair representation of performance. What is it today? In this 
case it did not have the effect of standardizing because people were not buying 
automobiles on their dimensional ratings, but on their performance. 

Now in a boiler industry, the steel boilers have a great similarity to each 
other; they are quite similar in type and they will at least lend themselves, 
we must admit, more easily to dimensional rating than any other. The ques- 
tion is, are we to have one rating for steel boilers and another for cast iron 
boilers, or will some new type come up? I can see it is for the interest of 
established industry to maintain the present line of manufacture. Is it for 
the interest of the public, or is it ultimately for the interest of the manufac- 
turer? That is a question that is open for debate. I do not know. I would 
think that, inasmuch as Mr. Bronson’s very able engineering discussion of 
the relationships of present dimensions to ratings shows that performance, 
which is a thing that they require, is quite definitely related to dimensions, 
that at least a rating based on performance rather than dimensions would be 
more fundamental than the ratings which are based on dimensions only or 
derived from performance. They must be. 

He mentioned the 10-sq ft per horse power rating of the old tubular boilers, 
power tube boilers and water tube boilers of some kind. Well, that was a 
sort of a Chinese law that I think did more to retard the development of 
boilers than probably any other thing. Manufacturers had a hard time to 
convince users that where they were getting as a general rule 40 per cent 
more out of a given surface by improved construction, their boiler would 
do the work. They were penalizing advanced design simply as a matter of 
prejudice. Very fortunately that 10 sq ft rating has long since gone by the 
board completely. The progressive engineer today selects his boiler on known 
performance, depending somewhat on the type, and in every type of surface 
differs somewhat and the conditions of operation are primarily important. 


It is true that you probably have a standardized conventional design at 
present in which relations of performance to dintensional data are quite exact, 
but what will we have five years from now, or even two years from now? 
Maybe we will have the same and maybe we will have some change. We 
do not want to throttle this Society from advancement. Therefore, when we 
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base on performance, I believe we are on sound grounds and we are not 
penalizing any boiler whose relation of performance to dimensional ratios are 
fixed. More convenient to go on dimensional relations, but no penalization. 

It will just point out one fact. A radiating surface is many times more 
effective than an indirect surface. Suppose we change the relations of these, 
which is now fairly standardized, which is not for cast iron, nor is the rela- 
tion between the two definite. It is practically impossible for any formula 
Mr. Bronson makes to evaluate the effectiveness of the direct surface as 
compared with the other complicated formula, and yet it is absolutely vital 
on performance. We are basing our results on performance. Why that thing 
is wiped off the slate and we are really simplifying the whole situation when 
we base on performance rather than entirely on dimensional rating. 

It is true we must have certain fire-box areas, certain grate areas and 
depths for firing capacities. That is a practical limitation except where we 
have stokers or use other fuel, but so far as the surface itself is concerned, I 
have just had occasion to review, for example, some effects of indirect surface, 
change in proportions, shape of tubes, dimensions of tubes, and with the same 
velocities through the tubes, low velocities, it happened to be in this case. 
There was almost twice the heat transfer per degree difference on this indirect 
surface, due to different form, different dimensions, spacing, than there was 
in the other case, which shows a great variation may be expected by changes 
in design which are basic and where the same square feet of surface is main- 
tained. j 

Now, the effect of that surface depends on dimension. A small tube, for 
example, will give you more results per given surface than a large tube. An 
elongated tube will give you more than a round tube. If you were going to 
go into passes, you will get more result from two passes than you will from 
one. If you change your velocities you get a still further effect. When you 
get above a certain critical point; you have lost it over your surface. 


So this is a very complex thing when you go into the design of boilers 
that Mr. Bronson is doing, to know where you are going to get at. If this 
Society is going to make a code on dimensions, it is merely good as far as 
present design is concerned and does not in any way apply to future design. 
As long as it is admitted that a performance rating will answer, I think it is 
a mistake to go to dimensional rating, which answers only particular cases 
and may be changed. That is the principal argument that I have for basing 
it on the committee’s report rather than purely on the dimensional rating. 


R. V. Frost: In the discussion of these codes, it is very necessary to keep 
in mind the trade relationship that these codes have upon the manufacturers 
and upon the trade. The Society cannot very well oppose the steel boiler 
manufacturers when they are as a unit ready to adopt a dimensional code, 
if that serves their trade conditions. In the same way the Society cannot 
oppose the cast-iron boiler manufacturers upon a code that meets their peculiar 
conditions. 

The performance method type of code has received the approval of prac- 
tically all cast-iron boiler manufacturers. I think there are only one or two 
of these manufacturers who are not taking a definite stand in favor of that 
code,eand in the same way they are just as strongly opposed to the one num- 
ber method of rating, for the reason that the one number rating is bound up 
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so intimately with the pricing and the selling of the boiler. We can adopt 
a one number rating code but it need not be used, because it cannot be made 
compulsory. To adopt such a code means that we are going to go into the 
pricing of boilers and that is a phase the Society has no business to consider. 
We do have the right to present data or ask for data that will enable any 
one to properly select a boiler and that is just exactly what the performance 
table method of rating does. 

Those manufacturers who have adopted the performance table method of 
rating and are using it in their catalogs now would not go back to the one 
number method of rating. Some use the one number method and also the 
performance table method, but it is to be noted that the sales organizations of 
those companies are resorting more and more to the performance method than 
to the one number method. 


Within this last year at least 50 per cent of the producing capacity in the 
cast-iron boiler industry has taken up the performance table method and 
another large manufacturer is to take it up next year, which will make very 
close to 60 or 70 per cent of the total producing capacity using the performance 
table method. 


For that reason the Society cannot very well do otherwise than offer them 
a uniform method of performance table coding, and that gives the Society a 
very good reason to adopt the performance table code as presented by the 
committee. 


On the dimensional code, it has really not satisfied the steel boiler industry 
as a whole because the power boiler branch of the industry is working at 
the present time to develop some other method of rating, and they are turning 
more and more to a performance table method. While there has been no 
action taken by the power boiler branch; the idea is crystallizing among the 
leaders of that branch of the industry to such an extent that practically every 
power boiler sold, as Mr. Carrier said, is sold on performance, not upon 
dimension. 


H. M. Hart: As far as this Society is concerned, I do not see how we can 
do anything different than our committee have recommended. For an engi- 
neering Society to recommend and adopt a dimensional code for rating boilers 
would be illogical. 


Insofar as the report of the committee is concerned, I am very much pleased 
with it. I think that it is logical, understandable, easy to interpret. I can 
find no fault with it, with one exception. It has no factor of safety what- 
ever. In practical application, as I understand it, a boiler manufacturer can 
test his boiler up to its maximum capacity and then rate his boiler on design 
load at the percentage below maximum recommended in our code of minimum 
requirements. To think that the manufacturer is going to place his maximum 
output at some point below that is rather hard to imagine. He is out to sell 
boilers and he is going to show all that his boiler will do. 


Therefore, to select boilers from these performance charts on the basis 
recommended by this report means that in actual practice every morning when 
we start up a steam system we will have to run that boiler at its maximum 
output, expecting to be able to duplicate on the job the ideal conditions under 
which the boiler was tested. A boiler selected on that basis will absolutely 
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have to have uniform fuel. Where is the man going to be when his fuel 
happens to fall below 12,500 Btu when he has selected his boiler on that 
basis of fuel? He is going to be out of luck, because he has no factor of 
safety. Somebody might leave a window open when he is starting up in the 
morning and he would also be out of luck. You have not even a factor of 
safety for that. 

I made some comparisons, taking the design load as recommended by this 
code and as recommended by a boiler manufacturer and there is a uniform 
variation of from 40 to 45 per cent. In other words, the manufacturer recom- 
mends that his boiler be placed on loads that are 40 to 45 per cent below the 
design loads recommended by this code. How would the Boiler Output Com- 
mittee of the Heating and Piping Contractors’ National Association interpret 
these performance charts? I think we would take this report and place on 
an additional factor of 40 per cent. 

I am pleased to see the recommendation that we have performance charts. 
Now as to the Steel Heating Boiler Institute, I think that a group of boiler 
manufacturers representing 95 per cent of the output, getting together and 
agreeing on a uniform basis of rating, is very commendable; I think it is 
fine and from a sales standpoint and from a practical standpoint I think they 
have done a fine job and I congratulate them. As far as this Society is con- 
cerned, why, of course, we could not lower ourselves to the point of recog- 
nizing anything so unscientific as dimensional rating. 

J. D. Cassett: In order to bring the matter properly before the Society 
I move you that we adopt the code as presented by the committee. (The 
motion was seconded.) 

Mr. Newcoms: I would just like to bring this thought out, that the com- 
mittee’s report and Mr. Bronson’s paper and all of the discussions that have 
preceded have shown a sharp difference of opinion between the designers of 
heating boilers, cast-iron boilers and steel heating boilers. The average size 
steel heating boiler installed is approximately 4000 ft. Under that size un- 
doubtedly cast-iron boilers are installed predominantly. Steel boilers go into 
larger size jobs. It would seem to me that these discussions have shown a 
lack of common meeting ground between the designers of cast-iron and steel 
boilers. Therefore, the code recommended by this committee, which we 
understand from Mr. Frost has been accepted by a number of the manufac- 
turers of cast-iron boilers, should not apply to the manufacturers of steel 
heating boilers. The Society should not have this code apply to those 
boilers ; since the manufacturers of steel heating boilers have got together and 
pretty nearly accepted the dimensional code it would seem to me that the 
report of Mr. Harding should be limited perhaps to the smaller boilers and 
to the cast-iron boilers and either the code not apply to the dimensional code 
be accepted by the Society for the larger and the steel boilers. 

Mr. Russett: I want to correct an expression that has been made this 
morning in that the steel heating boiler as it is manufactured and sold today 
is not a power boiler. It is a heating boiler. The Steel Heating Boiler Insti- 
tute is comprised of 95 per cent of the steel boiler manufacturers that are 
in the country. This code that we have adopted as manufacturers is being 
used by over 50 per cent of the manufacturers today and they have their 
catalogs based on these ratings. Of the other 50 per cent probably most of 
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them have their catalogs in the process of printing. Our objection ti the 
Society’s Code is that primarily we want to conserve the ratings or maintain 
rather the conservative ratings of steel heating boilers that have been used 
with such success over a period of years. 

Mr. Hart: I would like to see a factor of safety put in there when it 
comes to a selection of boilers. I think it is dangerous to put it out without 
it. I do not like to make an amendment to the motion, but I would like to have 
the committee consider that before this thing is adopted. 


Mr. SeeLic: I am not a boiler manufacturer, or I have not any connection 
with them. My business is selecting boilers for my clients. - I would like very 
much to see this Society go on record on dimensional code. We have had a 
little experience in the last two or three years which has been rather dis- 
appointing to me in taking the boilers rated on performance. If there is any 
boiler on the market today that is rated on performance that we can safely 
go and select a boiler on their figures, I would like to find out where it is. 
For that reason I would hate to see the steel boilers thrown over into the 
same disorganized position that the cast-iron boilers are. We have still got 
to adopt some pretty large factors of safety ourselves o~ else we will get into 
trouble. 


L. A. Harpinc: I would like to comment on one or two of the statements 
that have been made. First, Mr. Carrier brought out the fact clearly that there 
is a vast difference between the heat absorption value of shine and indirect 
surface. There is no question about that. : 

Who knows, next week or next year what the trend of boiler design is going 
to be? I doubt if any one here could answer that question. I heartily concur 
with the speaker who brought out the fact that we cannot afford to adopt a 
code that is not going to adequately protect the Society in the future. . 


I think Mr. Hart made the statement that the method of determining the 
design load recommended by this code is not a safe procedure. This particular 
code does not recommend any set method for determining the design load. We 
recommend, that the manufacturer publish in his performance tables the design 
load in accordance with A.S.H.V.E. minimum requirements code. The code does 
not prevent any one who has occasion to specify a size of boiler for a heating 
system to use any higher factor or added percentage he may desire. If you 
have a performance table in: front of you and desire to compare boilers on a 
basis of efficiency or flue gas temperature, etc., you will be able to satisfactorily 
make a comparison except on a basis of boiler heating surface. If you desire 
to compare a boiler on the basis of heating surface, write to the manufacturer. 
They would be glad I am sure to furnish you with the necessary data for such 
comparison. I do not suppose that a cast iron boiler manufacturer would object 
to furnishing the direct heating surface of the boiler. 


One gentleman made the remark that he would like to know where per- 
formance curves could be obtained on boilers that he could use. There are 
several manufacturers now employing performance data derived from tests for 
rating purposes. 

Mr. Obert made the suggestion that the committee endeavor to correlate 
the two proposed boiler rating codes, that is the A.S.H.V.E. Committee recom- 
mended revision for a boiler rating code and the S.H.B.J. method of dimen- 
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sional rating. This might be possible if all makes of steel boilers were exactly 
alike in design and the same ratio of direct to indirect heating surface would 
always remain the same. 

I would rather question the advisability of tying the Society to a method 
of rating that we cannot safely back up. It is rather doubtful to suppose that 
one could expect the same efficiency for the same output from two boilers having 
the same total heating surface but with different ratios of direct to indirec‘ 
surface. 

F. B. Rowtey: I do not care to discuss the boiler rating code, as I believe its 
contents have been clearly brought out by previous speakers. It is evident 
that the Society is interested in getting a code by which boilers may be rated 
on a scientific basis, and, at the same time, one which will not obstruct future 
progress or development. The question of a boiler code has been before this 
Society for a long time. It has been revised, referred back to committees, and 
I believe the consideration given it has not been exceeded by any other code 
which has been before the Society. The present Committee and the Council 
have given the code as it now stands very careful consideration and have 
approved it. 

There is a motion before the house that the code be adopted. I would like 
to move that this motion be referred to the members for a letter ballot vote. 
Since the code has received so much discussion and is of interest to the mem- 
bership at large, a greater majority of which are not present, I believe this 
would be the most satisfactory method of settling it. 

The motion was duly seconded and carried and referred to the Secretary of 
the Society for action. 
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POWER FROM PROCESS AND SPACE HEATING 
STEAM 


By L. A. Harpinec,’ Burrato, N. Y. 
MEMBER 


HE necessity for the utilization of recoverable wastes and what are termed 
by-products in practically every industry becomes increasingly apparent 
each year and is primarily due to competition and plant location. 

The utilization of a particular recoverable waste in one plant may not, owing 
to the relatively advantageous location of the plant, be either practical or profit- 
able, whereas, a competitor, on the other hand, finds that it is not only profitable 
but an economic necessity. The mere fact that a waste is recoverable is no 
criterion that its recovery is either desirable or a profitable venture. A new 
process is rarely, if ever, so perfect that it is not susceptible to economic im- 
provement by recovering some form of waste whether it be in the form of a 
material product or a reduction in the fuel or electric power bill. It so happens 
in one industry, at least, that the price of the principal product is largely deter- 
mined by the market value of the by-product from the process. 

A given amount of money spent for improvement of the process, the utiliza- 
tion of more up-to-date machinery, etc., may show a better return on the invest- 
ment than the same amount spent on the equipment required for a waste recov- 
ery. It is not generally a simple matter to estimate with any great degree of 
accuracy the equivalent money value from the recovery of a by-product, the 
amount and value of the product saved or recovered being subject for various 
reasons to considerable fluctuation. 

Electric power rates in various parts of the country show a great variation. 
Low fuel cost and a high power rate are naturally a combination that would 
appear to be the most desirable condition for power recovery from process 
steam. This combination however rarely ever exists. Investigation covering 
cost estimates for the recovery of solids, liquids, vapors, the heat equivalent of 
fuel and power are all receiving the attention of progressive manufacturers. 
This paper, as the title indicates, deals only with the specific problem involved 
in the investigation of the generation of electric power from process steam. 

Wherever steam is employed for process work the boiler pressure is deter- 
mined by that part of the process requiring the highest temperature, and gen- 
erally the bulk of the steam is employed at a considerably lower temperature 
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and corresponding pressure. The heat available per pound of available process 
steam, or so-called heat drop, for the generation of power is the difference be- 
tween the heat content i, of the steam at the generating pressure (initial condi- 
tion) arid the heat content i, of the steam corresponding to the pressure at which 
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Fic. 1. Per Cent Gain 1n Heat AVAILABLE FoR Power GENERATION 


it is employed in the process (final condition), assuming adiabatic expansion 
(Rankine Cycle). This difference multiplied by the pounds of steam so em- 
ployed per hour gives the total heat available for power generation by means of 
reciprocating engines or steam turbines. 

The more or less fixed amount of process steam available at the existing 
process pressure is perhaps more often found to be inadequate to supply all of 
the power requirements and some means should be adopted to secure as near 
a balance between the heat available and the heat equivalent of the power re- 
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quirement as it is possible or practical to obtain with a minimum amount of 
expense for extra fuel. The heat available (i,—i,) per pound of steam may be 
increased by (1) increasing the initial pressure (2) superheating and (3) de- 
creasing the process pressure (back pressure). 

The comparative effect on the basis of per cent gain in the heat available per 
pound of steam of the foregoing items as based on an existing condition of 150 
lb per square inch absolute pressure (135 Ib gage) boiler pressure as required 
for a small part of the process dry saturated steam and 55 lb per square inch 
absolute (40 lb gage) pressure for the bulk of the process steam assumed avail- 
able for the generation of power, is shown by Fig. 1. The per cent gain is evi- 
dently the difference between the available heat per pound of steam for the 
existing condition and the proposed condition divided by the available heat per 
pound for the existing operating condition. 

Suppose, for example, there was found, on comparing the available process 
steam load and the power load curves and assuming a certain prime mover to be 
employed, a deficiency of approximately 15 per cent of the steam available for 
power generation. Fig. 1 indicates that this deficiency can be met in any one 
of three ways, viz: 

1. Increasing the boiler pressure to 175 lb per square inch absolute or an 
increase of 25 lb per square inch. 

2. Superheating the steam 150 deg. 


3. Reducing the process (back) pressure to 47 Ib per square inch absolute 
or a reduction in the process pressure of only 8 lb per square inch. 

Increasing the boiler pressure would in all probability require the installation 
of new boilers, an expensive procedure. Superheaters, if the plant is equipped 
with water tube boilers, could be installed at nominal expense but would require 
approximately 7 per cent more fuel for superheating. The reduction in back 
pressure, if at all possible, would obviously be the natural procedure, as the 
slight difference in temperature resulting from the reduction in pressure would 
probably have comparatively little effect on the process. If, however, the de- 
ficiency in process steam available for power generation amounted to say 40 
per cent, then it is apparent that the boiler pressure must be increased to 225 
Ib per square inch absolute or increased a smaller amount and some superheat 
employed, or use 310 deg superheat with no increase in pressure, or reduce 
the process pressure to 36 lb per square inch absolute (21 Ib gage), a reduction 
of 17 lb per square inch. In this case the installation of new boilers designed 
for the higher pressure and equipped with superheaters would probably be 
the outcome. 


Frequently higher process pressures than necessary are carried and some 
experimenting to this end may return exceedingly good dividends. The natural 
procedure in the investigation is to start in the reverse order, and it is fre- 
quently found that at. least two or possibly all of these gains must be employed 
to secure the desired result. There remains the possibility of increasing the 
amount of power that may be generated without additional expenditure for fuel 
by substituting an electric motor for the small steam engines or steam pumps 
employed in the plant. 


The possibility of effecting boiler plant economies, tending to offset any 
additional fuel as. may be required when items (1) and (2) are considered, 
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should not be overlooked. A study of the existing plant requirements covering 
both the steam and electric power load curves may result in suggested methods 
to reduce the peak loads resulting in savings that likewise cost nothing to 
secure except the time required for the survey and analysis. 

The investigation of any specified case generally involves a number of as- 
sumptions for the purpose of determining the most economic initial pressure and 
superheat for the required back pressure as determined by the process. The 
installation of superheaters for the existing boilers, of additional boiler capacity 
to be operated at a higher pressure in conjunction with straight non-condensing 
turbines, mixed pressure, extraction or bleeder type turbines, heat exchangers, 
steam regenerators or accumulators, and condensing operation utilizing hot well 
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Water Rate, Lb. per Kw-Hr- 


/75 Lb.Gage 100 
100°Superheat 


Load, Kilowatts 
Fic. 2. Water Rate Curves ror Non-CONDENSING OPERATION 


water as a source of hot water supply, etc., are some of the many items which 
are frequently considered in this connection. ° 

A knowledge of the water rates of prime movers for various conditions of 
operation is evidently essential to anticipate the amount of power that may be 
generated from the available process steam. The water rates of high grade 
reciprocating engines operating non-condensing are somewhat less than the 
steam turbine of equivalent capacity when operating with the same initial and 
back pressure. The steam turbine, when operating condensing, however, shows 
as good an economy as the reciprocating engine. 

The turbine offers the advantages that steam may be extracted at various pres- 
sures in the expansion, occupies less floor space and, combined with the electric 
generator, is usually a less expensive combination. There are cases, however, 
when the most economical machine is essential to give a profitable balance 
between the heat and power requirements. A comparison of the guaranteed 
water rate curves for a 600 kw combination of a uniflow engine and generator 
(a) and a steam turbine and generator (b), both operating with an initial 
pressure of 175 lb per square inch gage at the throttle, 100 deg superheat and 
15 Ib per square inch gage back pressure is shown by Fig. 2. 


The rated capacity of generating units adaptable for use in the great majority 
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Fic. 3. IpeAL WaTER Rate Per Kitowatt Hour with Dry SATURATED 
Steam For Various INITIAL PRESSURES AND Back PRESSURES 


of manufacturing plants ranges between 200 and 1,500 kw. The data in this 
paper refer particularly to the use of steam turbines within these capacities. 
Steam turbines especially designed to meet exacting requirements naturally are 
somewhat more expensive and more economical in the use of steam over 
a limited range of operating loads than a standard commercial design. Stand- 
ard commercial designs, however, will usually show as good an average econ- 
omy for fluctuating load condition, and are ordinarily employed when process 
steam is utilized for power generation. 


A steam turbine connected with a generator is rated on the basis of equivalent 
kilowatt output at full load. The rating of the generator is given in kilovolt- 
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amperes (kva) with a stated power factor (usually 80 per cent). A 937.5 kva 
generator, for example, would require a turbine rating of 937.5x0.80 or 750 kw. 
The guaranteed water rates for steam turbine generating sets are universally 
stated in pounds per kilowatt output not including the small amount of electric 
energy required for excitation with alternating current generators. 

The theoretical or ideal water rate of a steam engine or turbine employing 
steam expansively is determined on the assumption that the expansion takes 
place adiabatically (constant entropy). The Rankine cycle has for many years 
been employed as a basis for purposes of comparison. It is assumed, with 
this cycle, that complete expansion of the steam takes place between the initial 
and back pressure. The following formula is employed for determining the 
theoretical or ideal water rate for either steam engines or steam turbines: 

i,=heat content in Btu per pound of steam at an initial pressure on turbine © 

side of throttle of », lb per square inch absolute. (The usual pressure 
drop assumed through throttle valve is 15 lb per square inch.) 

i,—heat content in Btu per pound of steam at the back (terminal) pressure 

p, lb per square inch absolute. 

h=heat available for conversion into work in Btu per pound of steam. 

=i,—,. 

778=mechanical equivalent of heat (foot-pounds per Btu). 

1.34=ratio of kilowatt to equivalent electrical horse power. 

W Ry,=Ideal water rate—pound per brake horse power per hour. 


W Rx~=Ideal water rate—pound per kilowatt per hour. 
1.34 W Ry 


33000 x 60__ 2546 
W =~ CA 


@.—Brake Potential Efficiency ratio of turbine (see table 5). 





ideal water rate 
actual water rate 
@,—Efficiency of generator (see Fig. 4). 
E W Ry=Expected water rate of turbine-pound per brake horsepower per 
hour. 
W Rvp 2546 
E W Rxw=Expected water rate-pound per kilowatt hour. 
_ EWRy 2546 X 1.34_ 3412 3 
= ~G, —OXGXh BX XA ©) 
The brake potential efficiency ratio takes into account all losses for the tur- 
‘bine and is a combination of the internal efficiency @, and the mechanical effi- 
ciency Om or O@i=GD; K Dm. The average mechanical efficiency for the ,tur- 
bines from 300 to 2000 kw capacity may be assumed as 94 per cent to 96 per cent, 





=ratio of 














so that .= Se (approx.). The internal efficiency is employed for deter- 


mining the terminal point for the expansion line of the turbine when drawing 
this line on a Mollier diagram. 
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The small and medium size steam turbines employed for the generation of 
power for industrial plants are of the following types: 


Non-CoNnDENSING OPERATION 


The back pressure employed varies approximately from 10 to 50 lb per 
square inch gage, although there are installations operating with a considerably 
higher back pressure. Turbines for this service are of the impulse type 
usually with comparatively few pressure stages, two velocity stages being em- 
ployed for the first pressure stage. Frequently, only one rotor is used, the 
steam from the nozzles being redirected through the same. row of moving 
blades as with the re-entry type turbines or two rows of blades attached to 
the same rotor with a stationary set of blades located between the two rows 
of moving blades. This latter is termed a Curtis stage. If more than one pressure 
stage is employed the succeeding stages are each provided with one velocity 


ro) 
° 


Efficiency 
é 


Kilowatts 
Fic. 4. GENERATOR EFFICIENCIES 


stage, i. e., one row of moving blades. Some impulse turbines, however, employ 
a single rotor for each velocity stage. This arrangement is generally known 
as a Rateau or multicellular type turbine. 


CONDENSING OPERATION 


Turbines for condensing operation are of the impulse type for the first pres- 
sure stage, usually with two velocity stages for the first rotor. The remaining 
pressure stages are each provided with a single velocity stage. The total 
number of pressure stages employed varies from 6 to 12 for impulse turbines 
(multicellular) with different manufacturers. The stages, after the first pres- 
sure stage, are either of the single velocity stage for each pressure stage 
(Rateau type) or a combination impulse and reaction stage. Parsons type 
with plurality of stages. The chart (Fig. 3) gives the values of W Riw 
covering various initial and back pressure conditions for steam initially dry and 
saturated. When the steam is initially superheated the values as read from 
the chart are to be corrected by the superheated factors given in the accom- 
panying table. The factors are average values for the range of back pressures 
indicated. 


Tables 1, 2, 3 and 4 give values of h and W Ry» for various pressures and 
superheat. The values given for h were read from a “‘Mollier diagram by the 
late G. A. Goodenough. The condition of the steam at various pressure stages 
in its passage through the turbine is conveniently determined by means of the 
Mollier Chart, as later shown by several examples. In order to draw the ex- 
pansion line on this diagram with sufficient accuracy for the purpose at hand, 
approximate values for pressure stage efficiencies are generally assumed, or 
the method recommended by E. H. Brown and M. K. Drewry (Trans. 
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A.S.M.E., 1923) is employed. The internal stage efficiency (@,) as here em- 
ployed is the ratio of the heat converted into work by the rotor or rotors for a 
single pressure stage to the heat given up (“heat drop”) by adiabatic expansion 
of the steam between the initial and terminal pressures for the pressure stage 
under consideration per pound of steam. 
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Fic. 5. Moriier D1acRAM 


State of Steam Entering Throttle Valve, 175 lb Per Sq In 150 Deg Superheat. 

. State of Steam for 15 lb Drop in Pressure Through Valve, 160 lb Per Sq In Absolute 
156 Deg Superheat. : 

b’. Theoretical State After Expanding from 160 lb Absolute to 35 Ib Absolute Pressure. 

d. Final Estimated State of Exhaust from Turbine, 35 lb Absolute 310 F or 51 Deg Superheat. 


-- 


VALUES OF @, 

The following values of @, may be employed: 

Curtis type stage (2 velocity stage to one pressure stage) usually employed 
in all multicellular turbines for the first stage also in conjunction with reaction 
turbines (Parsons type). @,—0.55 to 0.65 Pressure drop 90 to 120 lb per 
square inch. Rateau stages (1 velocity stage per pressure stage) employed 
in multicellular turbines after the first stage @,—9.75 to 0.85. 

The heat drop per stage following the Curtis stage is generally assumed 
constant. There is no direct relation between the overall potential efficiency 
(@.) of the turbine and the various stage efficiencies (@,). 


eszeaen 
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A straight line drawn on the Mollier diagram between the initial and final 
condition points as a’-d (Fig. 5) is frequently employed as representing the 
expansion line for approximate determinations of the condition of the steam 
at various pressure stages. The lower internal efficiency of the Curtis stage, 
however, generally makes it inadvisable to employ this method. 


Referring to Fig. 5, it is assumed that the steam is supplied to the turbine 
throttle at a pressure of 175 lb per square inch absolute, as indicated on the 
diagram by a. The loss in pressure through the throttle valve is assumed at 
15 lb per square inch, so that the steam enters the first pressure stage of the 
turbine with the same heat content at 160 Ib per square inch absolute indicated 
as a’ with a temperature of 518 deg (156 deg superheat): If the steam ex- 
panded adiabatically from 160 Ib per square inch to an absolute pressure of 
35 Ib per square inch as point b’, the available heat (h) is the difference 
between the total heat for conditions a’ and b’ or h—=1282 (i,)—1149 (4,)= 
2546 x 1.34 

133 
value determined by means of the curves and superheat factors for 160 lb 
pressure and 150 deg superheat (Fig. 3). 

For an assumed turbine brake potential efficiency (@,.) or 0.63 and generator 

efficiency (@,) of 0.944 at full load. 
2546 x 1.34 

dial Rw=7 53 x 0.944 x 133 — 

Fig. 5 shows the estimated expansion line a’-e-d for a two pressure three 
velocity stage machine. It is assumed that the first pressure stage is a Curtis 
type stage and that ©, for the first stage is 0.60. For an assumed mechanical 


133 Btu per pound of steam. W Riy= =25.6 (compare with 





43 lb per kilowatt hour. 





efficiency of 0.94, O@,—= asi or 0.67 for complete turbine. 


Tue WILLANS LINE 
Referring to the diagram located at the upper left hand corner of Fig. 6, if 
the total pounds of steam for any two loads, as for example, the no load (6) 
and full load (a) are known for a throttling steam engine or a steam turbine 
and a straight line is drawn between these points, the total pounds of steam 
for any intermediate load is correctly given by the ordinate for that load. The 
diagram is correct when the rating is based on the brake horsepower of a tur- 
bine and the indicated horsepower for an engine. The total steam for any 
intermediate load may also be calculated by means of the equation: 
S =S, [* (l—y) + 9)... sh (4) 
S =Total steam per hour for the desired load. 
S,=Total steam per hour for the full load. 
y Ratio of no load steam to full load brake horsepower steam.” 
=Approximately 0.22 for non-condensing turbines. 
=Approximately 0.14 for condensing turbines. 
=Approximately 0.16 for low pressure condensing turbines (atmospheric 
pressure—82-in. vacuum). 
* =fraction of full load corresponding to S. 








*The values of y vary somewhat for various types of turbines depending on the method of 
governing (throttling or non-throttling) speed, pressure, number of stages, 
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Fic. 6. STEAM AND ELEcTRIC Loap Curves 
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Taste 5. APPROXIMATE Futt LoAp Erriciencies Mutti Stace Imputse STEAM 
TURBINE—GENERATORS—GEARED TYPE 
































Brake Potential Generator Efficiency at 

Rated Efficiency Efficiency at Full Load 

Capacity at Ratio of Turbine Full Load Combined 

Full Load Se Ge @t x Oe 

kw @) (2) (3) 
Non-Condensing Turbines 
100 cae =. s ER ee ea tee ea She 
200 ee | ne Oars ures ame oreo 
300 | I Ca, tars PS: | ame 
400 ae. ee ee ae) ae 
500 0.64 0.940 0.600 
600 0.64 0.942, 0.603 
750 0.65 0.944 0.614 
1000 0.67 0.945 0.633 
1250 0.67 0.947 0.634 
1500 0.67 0.950 0.637 
2000 0.68 0.954 0.649 
Condensing Turbines 

500 0.68 0.940 0.639 
600 0.69 0.942 0.650 
750 0.70 0.944 0.661 
1000 0.70 0.945 0.662 
1250 0.70 0.947 0.663 
1500 0.70 0.950 0.665 
2000 0.70 0.954 0.668 





. Ideal Water Rate . ‘ 
1. Ratio Kctanl Waser ate includes efficiency of gears. 


Turbines of the re-entry type are somewhat less efficient than the values given in table 


for turbines 500 kw capacity and above. 
60 cycle—3600 rpm. 


It is necessary to correct the Willans line to allow for a decreasing generator 
efficiency as the load is reduced below the power developed at full load, as 
will be later shown by an example. 

The water rate for any load is determined by dividing the total steam per 
hour by the corresponding load. 

The example (Fig. 6) illustrates a method employed in plotting an equivalent 
electric power load curve from an available process steam load curve, or an equiv- 
alent steam load curve from a power load curve. It is, of course, desirable to 
have the actual guaranteed water rates from the several manufacturers, whose 
machines are being considered, covering the proposed conditions of operation. 
These water rates will ordinarily be found to vary somewhat between the dif- 
ferent types of machines proposed. The correct use of the data herein pre- 
sented, however, will, it is believed, give sufficiently accurate water rates for 
the purpose intended. The process steam load curve and the purchased electric 
power load curve shown were plotted from meter readings recorded June 4 and 
5, 1929, at the plant under consideration. The load curves for this date were 
chosen as representing a typical summer day operation when the electric power 
load gave a high average and maximum peak. The average steam load in 
this plant does not vary much from day to day during the summer months. 

If it is possible to generate the electric power required by the plant from 
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the process steam plus an amount of steam which is less than the difference 
between the average winter and summer steam loads, during the summer 
months at a fair saving over the cost of purchased power, it would appear that 
the extra steam available during the heating season, as required for space 
heating, will further reduce the cost and show a greater yearly saving. 


STEAM Loap CURVE 

The steam load curve of this plant for January 4 and 15, 1929, is shown 
by the dashed line at the top of chart, Fig. 6. The boiler equipment at this 
plant consists of one 450 and four 308 hp boilers (nominal rating). All boilers 
are equipped with stokers and forced draft, the stoker equipment being capable 
of operating the boilers at 200 per cent rating. The boilers are designed for a 
pressure of 175 lb per square inch gage and are not equipped with superheaters. 
High pressure steam for certain operations is required at the average rate of 
approximately 9000 Ib per hour, and is fairly constant. The remainder of the 
steam generated, or 49000 Ib average per hour, it is assumed, will satisfactorily 
supply the remainder of the requirements (cookers, evaporators, drying, water 
heating, etc.) with a back pressure at the turbines of 20 lb per square inch gage. 
In order to supply dry steam at the exhaust outlet of the turbines it is proposed 
to install superheaters for all of the existing boilers. The cost of 13000 Btu 
coal in the bunkers is $3.75 per ton. The average boiler and grate efficiency 
of this plant is 68 per cent. From an inspection of the electric power load 
curve it is evident that the full load turbine rating required should be approxi- 
mately 1500 kw to provide for the peak load. Probably the most practical 
combination, all things considered, would be the installation of three 750 kw 
machines, one of which would be a spare unit. 

Assuming an initial throttle pressure at the turbine of 160 lb per square 
inch gage (175 lb absolute), 150 deg superheat and 15 lb drop through throttle 
with 20 lb per square inch gage (35 lb absolute) back pressure, the ideal water 
rate with 160 Ib absolute pressure is: 

W Riew=29.2 0.879 (superheat correction) —=25.5 lb per kilowatt hour. 

Assuming an efficiency ratio (@,.) for the turbine of 0.63 and a generator 
efficiency of 0.944, the expected full load water rate for a 750 kw turbine- 
generator set for the assumed condition is: 


25.5 ' 
EW Rw= 63 x 0.944 —=42.9 lb per kilowatt hour. 


A guaranteed water rate approximately 10 per cent lower than this figure 
can be obtained from some manufacturers. 


























TABLE 6 
—_- 
nerator 
Efficiency Steam Water 
Load Fractional | Generator wus ens — Total Stem — 
kw Load Efficiency | Generator Willans Line— per Hour Hour 
Efficiency Lb Lb Lb 
Fractional EW Rxw 
* Qe Load s 
1500 1.00 0.944 1.000 64350(S:) 64350 42.9 
1125 0.75 0.931 1.014 51800 52525 46.4 
750 0.50 0.909 1.038 39500 41001 54.6 
500 0.33% 0.890 1.060 31500 33390 66.8 
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The total estimated steam required at full load for two 750 kw units is: 
2 & 750 & 42.9=64350 Ib per hour 


It is assumed that the ratio no load to full load steam is y—0.22, the esti- 
mated steam at no load being equal to 0.22 64350 or 14157 lb per hour. 
The Willans line a-b may now be constructed as previously indicated and is 
evidently based on the assumption that the generator efficiency remains con- 
stant for all loads. The corrected total steam per hour, line c-d, is shown in 
the diagram directly below the Willans line and was plotted from the calculated 
data given in Table 6, which in turn are based on equation (4). 


The corrected total steam per hour for the various loads shown was obtained 
by multiplying the values as determined from the Willans line by the ratio of 
the generator efficiency at full load to the generator efficiency at the fractional 
load. 


Any point, as g on the electric power load, may be translated into equivalent 
steam load by simply projecting over to the intersection with the total steam 
per hour line and transferring the equivalent power load to the steam chart, 
as indicated at h. Any point on the available steam chart curve may be trans- 
lated into equivalent electric power by simply reversing this process. The 
deficiency in the process steam at various times during the day for generating 
the electric power required is shown by the shaded areas on the Process Steam 
Chart. Integrating these areas the average deficiency in process steam to 
generate the power required is found to be 5600 lb per hour. 

The average process steam available is 49000 lb per hour as determined by 
integrating the area under the process steam load curve. The average steam 
generated by the boilers for all purposes is 58000 lb per hour and the average 
required, if all power were to be generated at the plant, would be 58000+- 
5600—63600 Ib per hour. The hourly quantities of steam as would be required, 
if all the power was to be generated, is shown by the steam load curve chart 
at the top of the figure. This chart shows that the peak load on the boiler 
plant would remain at 78000 lb per hour, and is in no way affected by the 
problem of power generation. 

The factor of evaporation for 160 lb gage dry saturated steam and 200 deg 
feed water is 1.0592 and for the same pressure condition with 150 deg initial 
superheat is 1.148. 

The extra fuel required per hour, if all the power is to be generated, is, 
therefore: 


[ (63600  1.148)—(58000  1.059)] x 971.7 








or i 
1274: 24 _ 
—3000 = 15.28 tons per day 


The exhaust from the turbine will have a superheat of approximately 51 deg 
(Mollier Diagram Fig. 5). Dry steam will therefore be supplied by the tur- 
bines to the process. 

The deficiency in process steam could be practically eliminated if the full 
load water rate of the turbines employed could be reduced to 37 lb per kilowatt 
hour. This would require an ideal water rate (W Riy~) of 21.9 lb, which 
corresponds to an initial pressure of 235 lb absolute or 220 lb gage. This 
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increase in pressure would require a new boiler installation, which is not pos- 
sible in this plant. 

The estimated cost of the additional equipment required, if all the power is 
to be generated at the plant, is as follows: 


3—750 kw steam turbine generating sets............ccsccccccccccccccccece $51,000 
S-—-Potentntions foe hove MACHINES «ow... occ cc ccc ccc ccccceccccsecccess 1,500 
I cid pa c-digledice's id ba cu chew sinless cbc ne tielge tbe Reswasewes eMembneee 8,500 
PE BU GRRIFIS, WII oon. ncsincdsnccitteesiescceskccddecscccseesenenens 17,000 
- gh ee ea RR RS an GROSSE Any rep irra epee pr Fy 12,000 

RE oes. en olde siege sakes sed vandal eae dann ee $90,000 


The daily cost of producing electric power based on the preceding data is 
estimated as follows: 


Wisned chtetes:. CIS OF GOAID BEB). nao csc nics cess caviecccessiocnines $ 37.01 
Ad@eional Susi coamnired, 15.26 tons at $3.75. «0.0. .ccccccenccccsccscscces 57.30 
PE TIE CIORIES GUIIEEES) on. oo o.c 0.0.5 oss cescsseensscacccencees 15.00 
PE ED 6 ak Ac ended tcieneGs ket pabaekienesdop esse earkieckes 4.00 

i hale Bk eg heals dr ais eae Pik res catty aa ie toa haa $113.31 


The average electric power load for the day was 1138 kilowatts. The estimated 
cost per kilowatt hour to produce this amount of power is therefore: 

113.31 
BAX 1138 — 9415 for June 4-5 

The cost of purchased power at this plant averages $0.007 per kilowatt hour. 
In order to obtain a fairly correct average for one year it is recommended 
that the steam and power load charts for not less than 7 representative working 
days and one Sunday for each month be examined and the deficiency in fuel 
determined as previously indicated. 

For the example given the average hourly deficiency for the year (8760 
hours) was found to be somewhat less than for June 4-5, as shown by Fig. 6. 

The amount of extra fuel, as previously estimated, may be reduced by the 
employnient of extraction or bleeder type turbines, as later more fully described, 
by passing the extra steam as required to generate the deficiency in power due 
to the lack of sufficient process steam through more turbine pressure stages to a 
final lower back pressure. 

It is evident that the extra steam required must be wasted so that any 
reduction in the amount results in a direct saving in fuel. 

It is considerably more tedious to plot the equivalent steam chart, when a 
bleeder turbine is under consideration, to determine the deficiency in process 
steam. This is due to the fact that an extraction line as later shown, is required 
corresponding to each amount of steam it is desired to transfer into electric 
power or vice versa. 


The following method is only a rough approximation, but is sometimes em- 
ployed for preliminary estimates: 


Assuming that the extra steam required is expanded in the turbine down to 
a back pressure of 17 lb absolute (2 Ib gage) the heat available (Mollier 
diagram) is 187 Btu per pound. The heat available for 35 Ib absolute back 

133 





presstire, as previously determined, is 133 Btu per Ib. Therefore 1— 


or 0.25 (approximately) of the excess steam, as previously calculated (5600 Ib 





Wiha 
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per hour), may be saved by the use of bleeder type turbines, or 0.30 « 5600—= 
1680 lb per hour (average) and an estimated saving in fuel of 2.5 tons of coal 
per day. The saving in fuel per year is 2.5 & 365 & $3.75 or $3439.00. The 
extra cost of the bleeder turbine equipment is approximately $10,000.00. The 
fixed charges on this extra cost are $1,500.00, so that the estimated net accrued 
saving is a comparatively small amount ($1,937.00). 


EXTRACTION OR BLEEDER TURBINES 


(Figs. 7, 8) Steam turbines designed to permit the extraction or bleeding 
of steam from one or more of the pressure stages are known as extraction or 
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Fic. 7. Cross Section oF Moore Extraction TursineE (11 StAcEs) 


bleeder turbines. The turbine may be designed for either condensing or non- 
condensing operation. This turbine is principally employed for supplying power 
in industrial plants. 

Practically all manufacturing plants employ some steam for process work 
and generally always for space heating. The pressure required for the large 
percentage of steam for these purposes generally does not exceed 40 Ib per 


square inch gage. The boilers are generally operated at pressures below 225. 


lb per square inch when power is to be generated, although in some recent 
installations 400 ib pressure is employed. This high pressure is frequently 
required to effect a heat-power balance. Steam at one or more pressure stages 
of the turbine is bled to supply the process and the remainder passed through 
additional stagés to a condenser or to the parts of the process requiring the 
lowest pressure and operating as a non-condensing machine. 


Condensing operation is often found necessary to secure the amount of power 
required due to an insufficient supply of process steam at the process pressure 
or pressures. It is evident, in this case, that more steam must be generated 
to supply the deficiency, as was shown to be the case in the previous example, 
and that Jess extra fuel will be required if the machine is operated condensing. 
























OLE EE TS DO 








72 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


Bleeder turbines are equipped with an automatic bleeder valve, which admits 
steam to the low pressure end of the turbine and maintains the bleeder pressure 
constant. The bleeder valve opens the low pressure steam port or ports with 
an increasing area as the bleeder pressure rises due to a decreasing demand for 
process steam, passing the extra steam as may be required for power generation 
to the low pressure stages of the turbine. An economical application of the 
bleeder turbine operating condensing is that of supplying hot water for a 
process which requires both steam and hot water. 








Fic. 8. Cross Section or GENERAL ELecrric ComMPpANY EXTRACTION 
TuRBINE (6 STAGES) 


Water HEATING FoR Process WorK 


When a considerable percentage of the total process steam is required for 
heating water, the most economical method of obtaining this hot water is from 
the condenser hot well of a bleeder or extraction type turbine. The bleeder 
steam is extracted or drawn from the turbine at the pressure stage desired, 
while the steam required for the water heating is passed on through the low 
pressure stages of the turbine to the condenser. It is quite evident that 
more power may be generated in this manner for a given weight of steam 
employed for water heating due to the considerable difference in water rate 
between non-condensing and condensing operation. The additional percentage 
of electric power that may be generated depends on the partial vacuum, the 
partial vacuum in turn being dependent upon the required temperature of 
the process hot water. 


For all practical purposes the same weigHt of steam will be required to heat 
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a given weight of water either at the extraction pressure or the condensing 
pressure. The temperature of the condenser hot well water is assumed the 
same as the temperature of the hot water employed in the process. 

There exists a difference in temperature between the temperature of the 
steam corresponding to the condenser vacuum and the hot well temperature 
(terminal difference) from 5 deg to 15 deg, so that the temperature corre- 
sponding to the partial vacuum will be approximately 10 deg higher than the 
hot well temperature. The absolute pressure corresponding to this tempera- 
ture is, of course, the terminal pressure for the turbine. 


The regulation of the high pressure end may be accomplished by either auto- 
matically cutting in or out a series of valves controlled by a governor, thus 


t 
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Fic. 9. Extraction Tursine OperATING CONDENSING SUPPLYING STEAM 
AND Hor WaTER FOR PROCESS 


reducing the loss due to throttling to a minimum or by the action of a single 
balanced throttle valve controlled by a governor. 


The admission of steam to the low pressure end is under the control of a 
pressure regulator on the extraction line which in turn operates a single throttle 
valve (bleeder valve) to maintain a constant bleeder pressure (p.). This 
valve when partially open produces a throttling action on the steam, and the 
initial pressure (~,) to the low pressure end will be less than the constant 
extraction pressure (/.) for partial loads. The high pressure end must be 
capable of carrying the full load with all extraction (no steam) to the low 
pressure end. This condition gives the maximum amount of steam that will 
pass through the high pressure end. The maximum amount of steam that 
will be required to be passed through the low pressure end will be the amount 
required to develop full load with no extraction, the bleeder valve being wide 
open. With some extraction, which is the condition of normal operation, it is 
evident that the bleeder valve will only be partially open and throttling will take 
place from , to px. 


The following formulae may be employed in solving for the total steam to 
be supplied the turbine to develop full load with and without extraction: 
With all extraction. 
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3412 «k N 
ius i Dm x Q, (1) 
With no extraction. 
_ 3412 K N 
S; h= DB. X D. (2) 
With extraction—(W Ib per hour) 
‘ ; 3412 N 
an S—W) h= ——_—_—— 
ae dh, B. xX @ (3) 
ae: 
also; ae cz (4) 


Where— 
H=theoretical adiabatic heat drop for complete turbine between the 
initial pressure and condenser pressure, Btu per pound 
h,,—theoretical adiabatic heat drop for high pressure end of turbine 
between the initial pressure and extraction pressure, Btu per pound 
h,,—theoretical adiabatic heat drop low pressure end of turbine between 
the initial pressure for low pressure end and condenser pressure, 
Btu per pound 
@,—=internal efficiency of complete turbine with no extraction 
@,,=internal efficiency for high pressure end 
@,?—=internal efficiency for low pressure end 
h=@, H=heat absorbed by rotors complete turbine, Btu per pound 
h,—=@.: h.,—=heat absorbed by high pressure end, Btu per pound 
h,—=@., h.,—heat absorbed by low pressure end, Btu per pound 
N=kilowatts delivered at generator terminal 
3412—=Btu equivalent of one kilowatt 
S=steam supplied turbine with extraction, pounds per hour 
W—=steam extracted per hour, pounds 
S—W=maximum steam through low pressure end, pounds per hour 
Sm==maximum steam through high pressure end (all extraction), pounds 
per hour 
S;=maximum steam through low pressure.end (no extraction), pounds 
per hour 
pe=extraction pressure, pounds sq in. absolute 
px= initial pressure low pressure end, pounds sq in. absolute 
Equations (3) and (4) must be solved tentatively employing the Mollier chart. 


Example. Let it be required to determine the total weight of steam (S) to 
be supplied a 1000 kw extraction turbine to develop full load with 20,000 Ib of 
steam extracted per hour (W) at an absolute pressure ». — 30 lb per square 
inch and also the weight of water that may be heated per hour from an initial 
temperature of 65 F to 116 F. Also construct a Willans line steam chart (Fig. 
11) and show the condition line on a Mollier chart (Fig. 10). The initial 
pressure at turbine throttle assumed is 150 lb absolute with 100 deg superheat. 
A pressure drop of 15 lb per square inch will be assumed through the main 
throttle valve. 
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Assuming a 10-deg terminal difference, the final steam temperature will be 
116 + 10 or 126 F which corresponds to a condenser pressure p,=2 lb absolute 
or 26 in. vacuum referred to a 30 in. barometric pressure. 

The Willans lines for the high pressure end of the turbine and for the com- 
plete turbine (Fig. 11) will be the first constructed by assuming the following 
data: Internal efficiency for the high pressure end and when developing full load 
(1000 kw) with all extraction assumed as @,,—0.63. The efficiency for the 
complete turbine operating condensing is assumed as @:=@, XK Om—0.64 
when turbine is developing full load with no extraction and 26 in. vacuum. 
Assuming @»—0.95 then @,—0.67. The heat available from the Mollier dia- 
gram (Fig. 10) for adiabatic expansion between the initial pressure (Fig. 10) 
for adiabatic expansion between the initial pressure (135 Ib) and extraction pres- 
sure (30 Ib) is 125 Btu and between the initial pressure and condenser pressure 
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Fic. 11. STEAM CHART 


(2 lb) is 295 Btu. The steam (S,) required to develop full load with all extrac- 
tion is determined by means of equation (1) in which h,=—0.63 & 125 or 79 Btu. 
3412 1000 

Then S. X 9 = 555 0.945. 
or Sm==48,000 Ib per hour 

The steam (S,) required to develop full load with no extraction is deter 
mined from equation (2) in which @,—0.67 and h—0.67 « 295=197. 

mizZx ee. 

S: X 197= 095 3< 0.945 or S,=19300 lb per hour 

The no-load steam for the high pressure end is assumed as 0.225, non- 
condensing operation and for the complete turbine as 0.145, condensing oper- 
ation. The Willans line for the high pressure end and for the complete tur- 
bine are then drawn on the steam chart (Fig. 11) as shown. 

In order to construct the extraction line for 20,000 Ib extraction per hour 
it is first necessary to assume the internal or stage efficiencies for the high and 
low pressure ends. These will be assumed as @,,—0.60 and @s,—=0.80. 
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A throttling action takes place with extraction and it is necessary, as pre- 
viously mentioned, to solve equations (3) and (4) tentatively by assuming 
various values for p, and determining corresponding values for h, by means 
of the Mollier chart until both equations (3) and (4) are satisfied. Assume 
for example x18 with sx=19300 from equation (2), then equation (4) 
gives S—=31580. 


The heat available between px=18 and the condenser pressure p,=2 is, 
has—=147. Therefore, h,—0.80 & 147=118. Substituting this value in equation 


(3): S75 (S—20,000) M8353 os S=31740, which is a sufi- 


ciently close agreement with the value previously determinéd by equation (4). 


Other points on the extraction curve may be determined by assuming values 
for px solving for Sx in equation (4) and then substituting the values of 
5S, and h in equation (3) and solving for the corresponding values of N. 


The results of these calculations are given in the following table: 








Load 

kw pe Ss haz he S—W Weight of Water 
N Heated per Hour 
1000 20 31600 147 118 11600 232000 
843 15 29650 135 108 9650 193000 

670 10 26433 109 87 6433 128660 

543 6 23860 76 61 3860 77200 























A smooth curve drawn through the points located by values of N and S on 
the steam chart is the 20,000 Ib extraction curve shown. Extraction lines for 
the other amounts of extraction are determined in a similar manner. For all 
practical purposes a straight line may be substituted for the curved line. The 
weight of water that may be heated from 65 F to 116 F assuming that the 
(S—W) 1020 

11665 = 234,000 Ib 
per hour and is evidently the weight of condensing water required per, hour 
at an initial temperature of 65 F. The condition line drawn on the Mollier 
diagram for the turbine when developing full load with 20,000 Ib extraction is 
shown as a’ee’d, Fig. 10. The extraction shown (Fig. 11) is based on a con- 
stant efficiency of generator for all loads. If corrected for a decrease in effi- 
ciency for partial loads the line becomes somewhat steeper. 


latent heat as constant at 1020 Btu per pound is 


Two StaGE Water HEATING 


The previous example illustrates single stage water heating. A more eco- 
nomical method (Fig. 12) is to use two or more stages, employing a lower 
partial vacuum for the first stage and complete the heating by steam bled at a 
somewhat higher pressure. Assume the same initial pressure as for the pre- 
vious problem with 15 lb per square inch drop through throttle and 69240 Ib 
water per hour to be heated from 65 deg ta 200 deg. Dividing the temperature 
rise (135 deg) equally between two stages, a rise of 67.5 deg for each stage 
is obtained. 

The steam required to heat the water is: 

69240 « 135 


1000 =9348 Ib per hour or 4674 lb per stage. The temperature of the 
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hot well for the final or second stage is 200 deg and with a 10 deg terminal 
difference gives 210 deg for the steam temperature to condenser, which corre- 
sponds to 14.1 Ib per square inch absolute pressure. The temperature of the 
hot well for the first stage is 200 deg and with a 10 deg terminal difference 
gives 210 deg for the steam temperature to condenser, which corresponds to 14.1 
Ib per square inch absolute pressure. The temperature of the hot well for 
the first stage is 200—67.5=132.5 deg. This is also the temperature of the 
injection water for the second stage condenser. 

With a 10 deg terminal difference the steam temperature for the first stage 
is 132.54-10=142.5 deg, corresponding to a terminal pressure for the turbine 
of 3.1 lb per square inch absolute. The theoretical water rate for the com- 
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Fic. 12. ExXrracrion TursiInE—Two STAGE WATER HEATING 


plete turbine is 12.4 lb per kilowatt hour and for the part of the turbine deliver- 
ing steam at 14.1 lb per square inch is 19.3 lb per kilowatt hour. Assuming 


overall efficiencies of 0.60 and 0.64 the expected water rates become 23—321 


(2nd stage heating) and cor =19.4 for complete turbine (1st stage heating). 


The approximate power that could be generated by two stage heating 
would be: 
Steam bled at 
14.1 lb sq in.—=4674 divided by 32.1=145.6 kw 
Steam condenser at 
3.1 lb sq in.=4674 divided by 19.4=240.9 kw 





PO ccninn 9348 386.5 kw 
If the single stage heating was employed the power generated would be: 
348 


The gain by two stage heating is therefore: 
386.5—291.2—95.3 kw or approximately 33 per cent over the single stage 
method. 
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Exuaust STEAM Space HEATING—STEAM VERSUS Hot Water SysTEMS 


When turbine exhaust steam is to be employed for space heating considerably 
more electrical power may be generated with a hot water system than with a 
vacuum steam system on account of the fact that a lower back pressure may be 
carried at the turbine as will be evident by the following example: (Fig. 13). 

Steam System—Assume a heating load of 100000 sq ft of equivalent direct 
steam radiation or 24276000 Btu per hour or 24276 lb of steam per hour (latent 
heat assumed as 1000 Btu per pound). Initial steam pressure 200 Ib absolute, 
no superheat and 20 lb absolute (5 lb gage) back pressure. 


The ideal water rate for the turbine WR,~—20. The expected water rate 
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Fic. 13. Exuaust STEAM HEATING 


for an assumed combined efficiency of turbine and generator of 60 per cent is 


2 _333 Ib per kilowatt hour. The power that could be generated with the 


60 
24276 
33.3 


Hot Water System—Assuming an initial water temperature of 185 deg and 
final temperature of 165 deg for the radiation, the amount of water to be cir- 


... 24276000 
culated is: e565 = 1213800 Ib per hour. 


The initial temperature of the injection water will be 165 deg and the final 
temperature 185 deg. The steam temperature for a 10 deg terminal difference 
is 185+-10 or 195 deg corresponding to an absolute pressure of 10.38 Ib per 
square inch. Assuming a combined efficiency of generator and turbine of 63 


vacuum steam system is therefore =728 kw. 





per cent the expected water rate (E W Ry) is or 25.7 lb per kilowatt 





16.2 

0.63 

hour. 

24276 es 
25.7 





The power that could be generated for the assumed conditions is, 
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945 kw. The increased power that could be developed is, 945-728 or 217 kw or 
a gain of approximately 30 per cent in power with the hot water system. 
The two systems would, of course, theoretically give precisely the same results 
as to power developed and fuel economy if the steam system was provided with 
an air and vacuum pump of sufficient capacity to produce the partial vacuum as 
stated for the hot water system. 


The diagram on the right of Fig. 14 gives the kilowatts generated per 
thousand pound of dry saturated steam supplied the turbine at various initial 
and terminal pressures. When the steam is initially superheated divide the 
values as determined by the superheat factors (Fig. 3). The expected power 
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Fic. 14. THroreTicAL KW GENERATED AND WEIGHT OF WATER 
Heatep Per 1,000 Ls or Dry Saturated STEAM 


per 1000 lb of steam is determined by multiplying the diagram values (corrected 


for superheat if any) by the combined efficiency of the turbine and generator 
(Table 5). 


The amount of water which can be heated per 1000 lb of steam supplied which 
is also equal to the amount of injection water required at a temperature of 10 
deg less (terminal difference) than the temperature corresponding to the partial 
vacuum may be read direct from the left chart. See Fig. 3 for temperature— 
partial vacuum diagram. The heat to be extracted per pound of exhaust steam is 
here assumed constant at 1000 Btu, a fair average value when superheated steam 
is supplied to the turbine. 


The following references will be found useful to those interested in the study 
of this subject: 


y = ee Turbine—Its History and Theory, by J. L. Moore, Trans. A. S. H. 








Withaa 





Witaa 






Discussion oN Power FROM Process AND SPACE HEATING STEAM 81 


2. Stage Feed Water Heating, by E. H. Brown and M. K. Drewry, Trans. 
& i M. E. 1923. 
a *, ge ro of High Pressures in Industrial Plants, by Wm. F. Ryan, Trans. 

4. Steam Power Plant Engineering, by L. A. Harding—Published by John Wiley 
and Sons, Inc. 

5. Balancing Heat and Power in Industrial Plants, by R. V. Kleinschmidt with 
discussion by various engineers. Trans. A. S. M. E. 1929. 

6. ae any Process Loads, by A. R. Acheson, Heating, Piping and Air Condi- 
tioning, July, 19. 

Steam Tusbine Performance, by A. G. Christie, Kent’s Mechanical Engineers 

Handbook. 

8. The Application of Low Pressure Turbines, by Francis Hodgkinson, bulletin 
published by the Westinghouse Machine Co. 

9. Mixed Pressure Turbines, by E. D. Dickson, General Electric Review. 
10. Steam and Gas Turbines, by Stodola and Lowenstein. 
11. Characteristics of Bleeder Turbine, by R. B. Walden, Power, 1928. 
12. Byproduct Generation in District Heating Plant, by J. H. Walker, Power, 1928. 
13. Bleeder Turbines, by M. D. Church, Power, June 1929. 
14. Multi-Stage Water Heating, by M. D. Church, Power, July, 1929 
15. The Ruths Steam Accumulator by R. A. Langworthy. Trans. A. S. M. E. 


The author is indebted to L. A. Cundall for assistance rendered in calculating Tables 
1 to 4 and the Chart Fig. 3. 


DISCUSSION 


Perry West: I should like to ask the author what allowance should be made 
between the theoretical water rate and the practical rate. 

J. W. Meyer, Jr.: I should like to caution on one point which Mr. Harding did 
bring out very forcefully, and that is the study of the cycle of operation of the 
heating and the electric load. There are two extremes. We have the condition 
where the steam load and the electric loads are coincident. We have the other 
extreme in which there is a lack of coincidence, in which the steam must be 
exhausted to the atmosphere. Somewhere in between those two points rests 
each particular case, and the results to be obtained depend upon the accuracy 
with which you determine the coincidence of the two loads. It has been our 
own experience that in a number of cases where such studies have been made, 
the after-effect or the result obtained, was far from the result obtained from the 
original analysis and it was very largely due to failure to take into consideration 
this cycle of operation. 


WEBSTER TALLMADGE: Having been in turbine work for a number of years 
it comes to mind that there are two points that might be considered. First, if 
you do have to plot a consumption and demand curve, do it by weeks consecu- 
tively throughout the year rather than months, on account of the fact that there 
are different days in the month that very frequently distort the figures. 

Another thing is that for a given efficiency the peak load demand on a plant 
determines the capitalization, very frequently by storing heat in water used for 
manufacturing processes in off periods of live steam demand. By this method 
the steam demand will even out the peak load, because the high water demand 
and the steam demand do not pull steam together. Very often on such as 
bleacheries the capitalization of steam generating equipment will be lower by 
a little planning and, therefore, reduce the operating overhead. 


F. D. Mensinc: My first caution is one you should all consider. No man 
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can walk into a power plant and do justice to his client by working on data 
gathered over a short period of time. To those who take up this branch of 
engineering, I would suggest that instead of going after jobs they go after clients. 
You can generally justify the installation of recording instruments and make 
enough of a saving resulting from those instruments to justify their installation. 
Put off the time of power house change if possible for a year. Then work up 
your charts for the year. The average instruments for the boiler room can be 
installed for about $2,000. They can be used afterward. You can put electrical 
instruments in there, both recording and integrating type, that give you a chart, 
for somewhere around five or six hundred dollars. 


We, in this climate, for instance, have an average mean temperature on the 
22nd day of January of 31 F. Exactly six months later we have an average mean 
of 76 F. A wonderful climate on the average means but diabolical on peaks. 
We go up to 106 and down to 6 below. So you are bound to get overlaps. 

After you have accumulated your year’s charts, which you can do automatically 
as they send them in to you, you can plot those on paper which is available, by 
days, months, and years, and then you have a cold-blooded proposition that you 
can walk into a client and say “This is what is taking place; this is what should 
have taken place.” You can pick out any day of the year, tell him what his heat- 
ing load is going to be in pounds of coal or in dollars. You can tell him what 
his electrical load is going to be at any particular time. If you plot production, 
which you can get from them, you can predict 5 years ahead with surprising 
accuracy. Now this is not something picked out of the atmosphere. It is some- 
thing my office often goes through, something that has just been gone through 
in the last few days. It meant a new power plant and deciding whether that 
plant would be in Philadelphia or elsewhere. 

A. M. Hustoet: I would like to correct an impression perhaps Mr. Harding 
and some of the other engineers have. He said that the turbine manufacturers 
are sick and tired perhaps of giving them the data. I can speak for one turbine 
manufacturer: we would be glad to give you the information especially if you 
prepare your data as carefully as Mr. Harding does, and we would like to help 
you solve these problems. The matter of water rates is not as definite as you 
seem to think and we have to know their problem to help them. If you will ask 
us, I am sure we will always be ready to submit you all the data necessary for 
your problems. 

L. A. Harprnc: In reply to Mr. West with regard to the difference between 
the ideal or theoretical water rates and the expected water rates, if you will 
refer to Table 5 you will find approximate full-load efficiencies, multi-stage im- 
pulse turbines, geared type. The geared type is the one that is largely used 
The difference in efficiency between the geared and direct connected job is very 
little. The efficiency of the gears is quite high, running in the neighborhood of 
97 and 98 per cent. Generator efficiencies are given by the third column and 
the combined efficiencies in the last column. 

Mr. Mensing calls attention to the fact that the employment of steam flow 
meters and watt meters is essential in an investigation of this sort; the employ- 
ment of averages for the day or month will almost invariably result in conclu- 
sions which are misleading and of no value where one is dealing with both a 
varying steam and electric load. 
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PRESSURE DIFFERENCE ACROSS WINDOWS 
IN RELATION TO WIND VELOCITY 


By J. E. Emswiter, Ann Arsor, and W. C. RANDALL,’ Detroit, MIcH. 
MEMBERS 


upon the pressure difference across the window, and the crack opening. 

At the present time, there is a considerable mass of data from laboratory 
research showing what the leakage is for various kinds of windows for any 
specified pressure difference; but there is little definitely known about what 
the pressure difference actualiy is or is likely to be in any given building. In 
the absence of knowledge regarding this quantity. it is usual to assume a 
certain wind velocity appropriate to a given locality, and take the leakage as 
that corresponding thereto, which is equivalent to assuming a certain pressure 
difference at the window. 

Tables showing the relationship between chosen wind velocities and win- 
dow leakage per foot of crack that may be expected to occur with pressure 
differences corresponding to those wind velocities, are given on pages 51 to 
54 of Tue Guive 1929 for various types of windows. 

The principal object in predetermining window leakage is to enable due 
allowance to be made in the amount of heating surface for the expected maxi- 
mum infiltration. This maximum does not mean the leakage that will occur 
with the highest momentary gust of wind, nor the highest rate for any one 
hour, but should rather be considered as that which may occur during several 
hours of the heating season. 

It is stated in Tue Guipe that “the heat allowance for infiltration through 
cracks must be based on the average wind velocity for a given locality.” It 
seems probable that the average wind velocity, as the term is used there, does 
not mean the actual average for all the hours of the heating season. In the 
case of transmission losses, THe GumpE suggests 15 mph as an average wind 
velocity, and it is probably implied that a similar value is intended to be used 
in the calculation of infiltration losses, in the absence of specific data. It is 
also stated in Tue Guine that “a further allowance must be made for the 


"Tw amount of air passing through a window as leakage is dependent 





1 Professor of Mechanical Engineering, University of Michigan. 

2 Chief Engineer, Detroit Steel Products Co. 

* For standard air density, the formula p=0. 00048M? is used to calculate pressure correspond- 
ing to a given wind yo or vice versa, where p=pressure in inches of water and M=wind 
velocity in miles per hou 
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direction of the prevailing wind in any locality, which shall be done by adding 
15 per cent to the infiltration losses on the sides of the building exposed 
to the prevailing winds.” The tables of THe GumpE are given in two parts, 
the values of Part II being 80 per cent of those for Part I (in which leakage 
as determined from experiments is given), to make allowance for an opposing 





Fic. 1: Recorpinc GAGE Usep TO MEASURE PRESSURE 
DirFrerENcE Across WINDOWS 


pressure built up on the inside as a result of air being forced in by the excess 
wind pressure on the outside. 

In a former paper by the authors,* the need for more definite information 
on the subject of pressure difference across windows was emphasized, and it 
was suggested that a program of work along this line should be started. It 
was with this thought in mind that the study described in the present paper 
has been undertaken. The definite objectives are tc attempt to show how the 
chosen value of wind velocity for THz Gu1pe Tables should be rationally de- 
termined for a particular case; to ascertain if the factor of 80 per cent of 
Part II is a reasonable value; and, if possible, to see what is the effect of 





+ The Weathertightness of Rolled Section Steel Windows, Transactions, A. S. H. V. E., 
1928, p. 527. 
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temperature difference. It is to be understood that this study is by no means 
complete, but is offered at this time rather more in the hope of receiving 
criticisms and suggestions regarding the mode of procedure in the interpreta- 
tion of data, than to present final facts and conclusions. 


MEANS OF OBTAINING DATA 


A record of pressure difference across two windows in one of the buildings 
of the University of Michigan was obtained continuously over a period of 
45 days, extending from the middle of January to the first of March, 1929. A 
recording pressure gage with a 24-hour chart was used. A photograph of 
the gage, known as a hydro-recorder, is shown in Fig. 1. A narrow felt- 
trimmed board, with a hole through it into which a brass tube was pushed, 


was slipped under the lower sash, and the crack thus opened at the meeting © 


rail was stopped with another felt-trimmed strip. The brass tube was con- 
nected to the gage which was located in the room, and the resulting record 
showed the excess or deficiency of the outside pressure over that inside. The 
connection of the gage to the window may be seen in the picture. Fig. 2 
shows a part of the record during a period when there was but little wind, 
and Fig. 3, of a part when the wind was rather high, and from the direction 
of exposure. The highest momentary pressure difference recorded was 0.88 
in. of water, which, in terms of wind velocity, would be about 42 mph. 

Two windows were chosen, on the west end of the building, one on the 
second floor, and one on the fourth. There was free exposure to wind from 
the west and southwest, as illustrated in Fig. 4. The gage was connected at 
the second floor window for 28 days continuously, and then moved to the 
fourth floor, where a record for 17 days was obtained. 

Anemometer records of wind velocity and direction as well as thermograph 
records of temperature were available at the University Observatory. The 
data of these records were transferred to the pressure difference charts as 
illustrated in Figs. 2 and 3. For convenient reference, the maximum pressure 
difference, and the average pressure difference as nearly as it could be deter- 
mined, were read from the chart curve, and these quantities appear as lines 
4 and 5. In this manner, all of the necessary data are synchronized on the 
pressure difference charts, with the graphic record of the pressure difference 
in direct view above. 


SELECTING WIND VELOcITy IN EsTIMATING INFILTRATION Loss 


From Table 1, which is a summary of the wind data over approximately 
the 45-day period before alluded to, it is seen that the average wind velocity 
is 7.7 mph over the entire time. It is also seen that the wind is predominantly 


Taste 1. Summary WIND Data 











Direction from which wind came 
Item 

N NE E SE S SW Ww NW Total 
1. No. of hours........ 97 50 |129 85 57 {155 {179 |289 | 1041 
2. Miles of wind....... 569 |187 |892 {509 |308 |1454 | 1656 |2437 | 8012 
3. Average velocity....) 5.9) 3.7] 6.9] 6.0} 5.4] 9.4] 9.3] 8.9] 7.7 
4. Per cent of hours...| 9.3] 4.8] 12.4) 8.2) 5.5] 14.9] 17.2] 27.7 | 100.0 
5. Per cent of wind....| 7.1] 2.3] 11.1] 6.5! 3.8] 18.1] 20.7] 30.4 | 100.0 
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from the SW, W, and NW, nearly 70 per cent of the wind coming from 
these three directions, and only 30 per cent from the other five. 


In order to get at usable maximum values of wind velocity, Table 2. has 
been prepared, in which the wind is classified as prevailing and non-prevailing, 
and the number of hours is shown during which the wind blew at each velocity 
designated. Separate consideration is given to those hours of the day in- 
cluded between 7 a.m. and 5 p.m., which may be regarded as the ordinary 
period of occupancy of a building. 


From the prevailing directions, the wind had a velocity of 15 mph or more 
for 73 hours during the month and a half investigated. Counting only the 
10 hours per day of ordinary occupancy, the wind had a velocity of 15 mph 
or more for 25 hours, which is somewhat less than ten twenty-fourths of 73, 
indicating that most of the higher wind velocities occur at night. If it be 
assumed that the wind statistics for the other month and a half of the season 
are like those studied, it could be said that the wind from the prevailing 
directions has a velocity of 15 mph or more during 50 hours of the time of 
occupancy of a building. Perhaps this would not be an unreasonable figure 
upon which to base allowance of heating surface requirements, considering 
the fact that the periods of high wind velocity will not always occur simul- 
taneously with the periods of lowest temperature. The average speed of 
the prevailing wind for all those hours during which the velocity is 15 mph 
or more is found to be about 19 miles. Hence, for this particular case, it 
would appear that a value of 19, or say 20 mph weuld represent a reasonable 
value for wind velocity to be chosen for those sides of a building exposed 
to the prevailing wind. To obtain more accurate results, wind data for several 
seasons should be studied in this manner. 

Turning now to the non-prevailing winds of Table 2, it is seen that the 
wind had a velocity of 9 mph or more during 28 hours of the time of occu- 
pancy, for the month and a half period, or perhaps 56 hours for the entire 
season. ‘The average speed of the non-prevailing wind for all those hours 
during which the velocity is 9 mph or more is found to be about 13 miles. 


Having thus determined what is to be considered as the wind velocity, the 
next objective is to ascertain if possible what is the relation between wind 
velocity and actual pressure difference, and to find out if the factor of 80 
per cent of Part II of Tue Guine tables is justified. 


TABLE 2. PREVAILING AND NoON-PREVAILING WINDS 





Number of Hours 





Prevailing Wind Non-Prevailing Wind 

SW. W. and NW. | N. NE. E. SE. andS. 

All Hours | 7 A. M. to | All Hours | 7 A. M. to 
5 P. M. 5 P. M. 





Wind Velocity 








of Day of Day 
oe: Lo. Sen rrr re oa 8 5 0 
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Fic. 3. Portion or Pressure DirFERENcE REcorp Across Two Winpbows witH Hicgu Winp Vetociry 
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RELATION OF PRESSURE DIFFERENCE TO WIND VELOCITY 


A record of pressure difference across two windows of a chosen building, 
one on the second floor and one on the fourth floor immediately above (see 
Fig. 4) was obtained in the manner heretofore described. Owing to the 
proximity of an adjacent building, the windows were sheltered from a north- 
west wind, but were fully exposed to the west and southwest. The relation 
between pressure difference across the second floor ‘window and the wind 
velocity from the west or southwest (the direction of exposure of the win- 
dow), is shown by the curve of Fig. 5. Each point represents the average 
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Fic. 4. SHowrnc LocaTIoN oF WINDOWS 


of the mean hourly pressure differences for the number of hours during which 
the wind velocity had the particular value for which the point is plotted. 
The points lie quite consistently near the smooth curve, except in the region 
of higher wind velocity, where each one is the average of fewer values than 
is the case in the region of lower wind velocity. 

The curve of Fig. 6 represents the case where the wind came from the 
northwest, which is considered separately because the window is sheltered 
in this direction by the adjacent building as shown by Fig. 4. The curve of 
Fig. 7 shows how the pressure difference on this second floor window is 
influenced by wind coming from directions other than southwest, west or 
northwest. The curves of Figs. 8, 9, and 10 present the same kind of picture 
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Fics. 5, 6, 7. Curves SHow1nc RELaTion BETWEEN PressuRE DIFFERENCE AND WIND 
VELociTy For 2ND FLoor WINDows 
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of the relation between pressure differences and wind velocity for the fourth 
floor window. 

It. might have been expected, with-winds coming over or around the build- 
ing, from directions other than southwest, west or northwest, that there would 
have been a tendency to form a slight vacuum at the leeward end in which 
the windows were located, and thus materially reduce the excess of outside 
pressure over inside pressure, or even reverse the direction of excess at the 
upper window. This same effect might even be expected in some degree when 
the wind came from the northwest, blowing over or around the adjacent build- 
ing (see Fig. 4). The curves of Figs. 6, 7, 9, and 10, do indeed suggest this 
very thing, as all of them show a slight drop after the wind attains a velocity 
of about 8 mph. None of the curves reveal an excess of pressure inside, over 
that outside at the upper window, as would be anticipated by the theory of effect 
of temperature difference. However, there is a reason to account for this 
situation, which will be explained. 

Since the principal object of this part of the study is to examine the pres- 
sure difference over windows exposed to the wind, attention will now be 
directed only to the curves of Figs 5 and 8, and these may be considered 
to represent what would occur at any window about the building when the 
unobstructed wind blew against it. The pressure differences at the windows 
at the two levels investigated are compared in Fig. 11, where A is the curve 
of Fig. 5 (second floor window), and B is the curve of Fig. 8 (fourth floor 
window). Curve C of Fig. 11 is the computed wind pressure drawn in for refer- 
ence. It is seen that the curves for the two windows are more or less parallel, 
A being displaced above B by an average amount of 0.053 in. of water. Using 
the average temperatures that prevailed and the height between the windows, 
which is about 28 ft, the head caused by temperature difference is calculated 
to be 0.041 in. of water, which should express the amount by which the 
pressure difference at the lower window is greater than that at the upper, 
and pretty well accounts for the actual difference of 0.053 in. between the 
curves. If it were not for the upward bulge in the curve A between wind 
velocities of zero and about 14 mph, for which no reason seems to be evident, 
it is probable that the difference between the curves A and B would be almost 
exactly accounted for by the effect of temperature. 

It would be anticipated that with little or no wind, the temperature differ- 
ence would produce a negative effect at the upper window—that is, the inside 
pressure would be greater than the outside, and outflow would occur there. 
This would be evidenced by the curve B of Fig. 11 coming below the base line 
at low wind velocities, which it does not do. It is believed that the presence 
of gravity flues in the rooms in which the windows are located accounts for 
the apparent departure from theory. The gravity flue on the second floor drew 
air from that room, and thus tended to increase the excess of outside pressure. 
At the same time the loss of air here reduced the amount that would have other- 
wise naturally ascended to the fourth floor by way of open stairs in other parts 
of the building, and so relieved the interior pressure on the fourth floor win- 
dows. Also the gravity flues in the fourth floor room provided an escape 
for air which further relieved the inside pressure there, with the net result 
that there was no excess of inside pressure over that outside on the fourth 
floor windows. It is probably merely accidental that the pressure difference 
at the fourth floor happened to be exactly zero with no wind. 
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In Fig 12, curve D is the mean of curves A and B, of Fig. 11—that is, it 
represents the average of the pressure differences observed at the second and 
fourth floor windows. Curve C is again the pressure computed from the wind 
velocity. The ratio of the average pressure difference to the wind pressure is 





Fics. 8, 9, 10. Curves SHow1nG RELATION BETWEEN PRESSURE DIFFERENCE AND 
WIinp VELocity For 4TH FLOoR WINDOWS 


represented by curve E£, and this is the relation that is the principal objective 
of this part of the study. Up to a velocity of 11 mph, the pressure difference 
exceeds the wind pressure, as a result of the temperature effect. Above 11 
mph, the pressure difference is less than the wind pressure, and it is inter- 
esting to note that curve E seems to approach and become constant at about 
the value of one-half, in the region of high wind velocities. This is just what 
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would be expected to happen in a building, when the wind pressure becomes 
so great as to submerge the temperature effect, and where the total leakage 
area for inflow on the windward faces about equals the total area for outflow 
on the leeward faces. The inside pressure would have to build up automatically | 
to a value equal to half the wind pressure, so that the head available to force ! 
the air out would be equal to the head available te force an equal amount of 
air in. 

Having chosen a value of 20 mph for wind velocity as a basis upon which 
to determine infiltration in the calculation of heating surface requirements for 
rooms on exposed sides of the building, curve E of Fig.. 12 would indicate 
that the actual pressure difference across the windows is about 0.55 of the 
pressure computed from this wind velocity, which means that the leakage is | 
about 75 per cent of the amount corresponding to the pressure computed from 
the wind velocity, since leakage quantity is approximately proportional to the 
square root of the pressure difference. In other words, the factor to be ap- i 
plied in Part II of the tables of Tue Guive 1929, to allow for building up of 
inside pressure should be about 75 per cent in this case. 

f 


It will be recalled that the usable maximum wind velocity for sides of the 
building exposed to the non-prevailing winds was chosen as 13 mph. This is 
near the value of 15 miles, which is probably the intent of THE Gu1pE to sug- 
gest for use in connection with the less severe exposures. Referring to Fig. 
12, it is seen that for 15 mph, the ratio of actual average pressure difference at | 
the two windows, to the calculated wind pressure, is 0.67, which means that 
the leakage is about 82 per cent of the amount corresponding to the pressure 
computed from the wind velocity. 

From this study, it appears that the factor of 80 per cent, as applied in Part 
II of the tables of Tue Gurpe 1929, is well chosen, probably erring, if at all, 
on the side of being too large. However, it is indicated that the practice of 
allowing an additional 15 per cent in leakage loss for the sides of a building 
exposed to the prevailing wind may not provide an adequate margin of heating 
surface on those sides. For example, if 15 mph be taken as the wind velocity 
upon which to figure infiltration on the less exposed sides, the leakage per foot 
of sash crack of a double hung weatherstripped wood window is 11.7 cu ft 
per hour. It has been shown that a reasonable value to be taken for wind 
velocity from prevailing directions is 20 mph, for which the leakage is 22.9. 
Thus in the case studied the leakage of windows under the more extreme con- 
ditions on the more exposed sides, is nearly twice as much as that on the less 
exposed sides, instead of only 15 per cent greater. If this is true of infiltra- 
tion loss, it is also true of transmission loss, although probably in a different 
ratio. In other words, in the determination of heating surface to take care of 
the most severe situations, it is probable that there should be a greater differ- 
ential than 15 per cent in the allowances for infiltration and transmission loss 
between the windward sides of a building and the sides of lesser exposure. 


DISTRIBUTION OF LEAKAGE AT WINDOWs AT DIFFERENT LEVELS 


Referring to Fig. 11, it is seen that the pressure difference at the second 
floor window is considerably greater than it is for the fourth floor, which, as 
previously explained, is practically accounted for by the temperature differ- 
ence effect. Converting the pressure difference at 20 mph into corresponding 
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wind velocity, and then going to THe Guupe table, it is found that the leakage 
at the second floor for a double hung weatherstripped wood window is about 
17.5 cu ft per hour per foot of sash crack, and that at the fourth floor about 
12.8 cu ft which calls for 0.025 sq ft more radiation per foot of crack on the 
second floor than on the fourth. With eight windows of say 50 ft of sash 
crack each, including transoms, the total difference in radiation would amount 
to 10.0 sq ft. Considering windows of poorer construction, and taking frame 
leakage into account, the total difference in radiation between the floors for 
rooms at the one end of the building (Fig. 4) might easily run to 40 or 50 
sq ft. The difference in heating surface requirements between lower and upper 
floors is thus seen to be of considerable amount even in the case of three or 
four story buildings. It would of course be greater still in taller buildings, 
although: it is reduced when there is not free communication between stories 
by way of open staircases or other means. 

In connection with the matter of extra allowance in square feet of radiation 
to take care of maximum infiltration, it is to be emphasized that this is not a 
measure of heat loss by infiltration, but is rather an allowance in capacity to 
meet an extreme or emergency situation. Infiltration goes on to some extent 
continually, so long as there is either a temperature difference or a wind, but 
not at the maximum rate. The column of the tables in THe Guimpe 1929 
headed Heat Loss is likely to be misinterpreted to mean a continual drain from 
the heating system of the Btu rate per degree temperature difference indicated, 
which is not the case. 





Fic. 11. Comparison or Pressure DirrereNce at 2Np AND 4TH Fioor Winpows— 
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Fic. 12. RELATION OF MEASURED PRESSURE DIFFERENCE AT WINDOWS, WITH WIND 
FROM DIRECTION OF ExPosuRE, TO WIND PRESSURE 


In conclusion it may be said that the study described and developed in this 
paper throws some light upon the relation of actual pressure difference across 
windows to wind pressure, for one particular case. It is indicated that some- 
thing definite may be derived from a study of this kind. It is further plainly 
shown that temperature effect, even in buildings of moderate height, may be 
a factor of sufficient importance to require a different allotment of heating 
capacity as between lower and upper floors. A study of Weather Bureau 
, records and a general agreement as to the interpretation of data therefrom 
are highly important in order to better define what shall be considered as the 
wind velocity upon which to determine window leakage. 


DISCUSSION 


S. H. Givevzer: Is there any relation between the pressure differences and 
the effect they have on the temperature in the room? 

C. G. Secever: I would like to question something that Professor Emswiler 
has stated or perhaps point out a source of possible difference of opinion on 
this particular paper. Professor Emswiler has very carefully selected data for 
45 days on both wind direction and velocity. Would the conclusions drawn 
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be the same if the data had only been collected on such days as might be 
termed maximum heating days, that is, days on which the given heating system 
was taxed to the utmost? It would seem to me that the information that is 
ultimately going to be necessary in deciding such a point is what wind velocity 
to use in estimating the radiation required for a given building. I feel that 
it is possible (on this I am not informed; I would like to hear from Professor 
Emswiler) that the maximum day conditions might be different from those 
taken over a 45-day period. That is to say, the higher winds might not coin- 
cide with the coldest days. That would alter the picture presented. 


G. L. Larson: This paper represents a very important study and I hope 
that the authors will follow it up with further tests. In laboratory tests, cer- 
tain pressures are created on the two sides of a wall, or window, and the 
leakage due to these pressure differences can be very accurately measured. 
But before a designer can intelligently use the results of these laboratory tests, 
he must know something about the actual pressure differences that actually 
exist in practice. This paper throws considerable light on this point, but 
more research on this subject is necessary. I hope the authors will continue 
the excellent work that they have started. 

The relation between existing winds and outside temperature was men- 
tioned by the last speaker. I think the general practice of THE GuIDE is to 
assume a certain outside temperature, say —10 or —20 F, depending on the 
locality, and at the same time to apply a wind velocity of 15 mph. I believe this 
is wrong because this procedure superimposes two peaks upon each other, 
and they do not, exist together. 

I have in mind the records of the heating plant at the University of Wis- 
consin, where the heating plant is connected to some 93 buildings. The record 
from this many buildings should give a good average of what is taking place 
in such a group. The maximum heating load last year occurred on the day 
when it was four degrees above zero, although it was as much as 25 below 
several days. At 25 below, or at 20 below, or at 15 below, we ordinarily have 
practically no wind; the atmosphere is dead; but on a day around zero or a 
little bit above, we have our heaviest winds. So it is questionable whether 
we should design for —25 F and at the same time add losses due to a wind 
which is traveling at 15 mph. At least in our section of the country, these 
peaks do not exist together. 

I would like to ask the authors if they tried out different types of tubes to 
get the static pressure on the outside of a window. I imagine that there might 
be found considerable difference in the readings depending upon the kind of 
tube used. 

MarGareET INGELS: I believe mention was made that there were gravity 
exhaust flues in the room. I would like to know if there was any figure taken 
to find out if the difference in temperature indoors and outdoors caused a 
variation of air to flow through the gravity exhaust making different pressures 
build up inside the room. 

Mr. Nicuoiis: Professor Emswiler speaks of the prevailing winds from 
the west and southwest. What kind of temperature do you get from that 
direction as a rule? 

Proressor EmMswiLer: We usually get our coldest temperatures from the 
northwest. 
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Mr. Nicuotis: What were they from the south and the southwest? 
ProrEssor EMSwILer: The average perhaps was 20 F. 


Mr. Nicuotts: I think you will find that they have a good deal of guessing 
to do yet when it comes to that. You have to use a factor of wind velocity 
with your temperature and after you have that worked down to a rational 
equation, you have to guess what kind of a building you have to heat. Per- 
haps you will get it some day; I doubt it! 


S. R. Lewis: There is in Chicago a 21-story cooperative apartment. Through 
some mistake the north end of this building, having 21 duplicate apartments, 
was short of radiation. It was necessary «to add radiators.’ Our observations 
of the conditions were taken in the second story and the twenty-first, where 
the complaints originated, but since all of the apartments were exactly alike 
throughout the 21 stories, I recommended the additional radiation to all of 
them. When the radiation was shipped and the steamfitters started to work 
putting them in, just before I left to come to this meeting, the owners of 
the apartments through the central zone of the building refused to permit the 
radiators to be added. They said, “We are all right.” I suspect it is the 
infiltration due to the height of the building in the lower part and the ex- 
filtration in the upper part that causes the complaints of shortage of radiation. 


L. A. Harpinc: I think this is a very excellent paper. There were originally 
two major problems to be solved in reference to infiltration. The first one 
was to determine the amount of leakage through a crack with a certain pres- 
sure difference. That has apparently been satisfactorily solved by these gentle- 
men and others. The second problem, that of correlating the wind velocity 
as reported by the Weather Bureau to actual infiltration or pressure difference, 
remains unsolved. The Research Laboratory is attempting to solve this part 
of the problem, that is to correlate the wind velocity as reported by the 
Weather Bureau to actual wind velocity over the surface of building walls. 
I think you will be very much interested in the paper that our director of 
research, Mr. Houghten, will be able to present next year along this line. 
There exists at present, no standard in reference to the distance from the wall 
surface where the velocity of the air movement is to be measured in order to 
arrive at surface coefficients to be employed in heat transmission problems 
relative to building construction. 


Mr. Nicuots: I think it is going to be extremely difficult to arrive at any 
thing satisfactory by the method of observation merely of wind velocities. If 
it is possible to establish some kind of a laboratory so that condensation ex- 
periments can be made, under observation of all these conditions, I think a 
factor can be derived which will have to do with the wind pressure recorded 
by the Weather Bureau. 


Proressor EMswI er: In answer to the first question, whether or not there 
was any relation between pressure difference and temperature in the room, the 
situation was this: The temperature in the room was held essentially constant 
by the thermostatic control that operated in connection with the building. If 
there was more infiltration, that is more cold air coming in, it was compensated 
for by the thermostatic control. Hence there was, therefore, no necessary re- 
lationship as far as that was concerned. 


Now, with respect to Mr. Segeler’s question, whether the results of such a 
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study as this ought to be based upon conditions prevailing during a single day 
of maximum or extreme conditions, or whether it should be based, as we have 
suggested here, upon a total of several hours during which the wind velocity 
was up to or above a certain selected level, that is an important question. If 
you consider the situation from the standpoint of performance, it would seem 
that you would have to base it upon some such arbitrary factor or time, as 
we have chosen. If you would want to examine an actual system that is 
already in operation, then it would be perfectly logical, of course, to observe 
during that day when the extremes prevailed. 


In answer to Professor Larson’s question, we have a record of the outside 
temperature along with wind velocity, but there seemed to be no obvious re- 
lation between the two. Of course, with the lower temperature and the same 
velocity, the inertia or impact effect of the wind is greater. The amount of 
infiltration, however, is not different with the lower temperature and therefore 
higher density, but, of course, the weight of air is somewhat different. We 
did not think this would make a great deal of difference. 


The tube used was simply pushed through a hole in the wood strip under 
the sash, the end of the tube being flush with the outside surface of the board, 
so that it collected, so to speak, the dynamic pressure that was produced by the 
wind. It did not of itself produce or result in any localized static pressure 
as a result of the wind blowing across it, or at same angle to it. It simply, 
as I see it, collected the static pressure that existed at the exterior of this win- 
dow due to the dynamic effect of the wind blowing, together with any natural 
static pressure that prevailed there. 


In answer to Miss Ingels’ question, we took no measurements of the quantity 
of air flowing through the gravity flues. We simply took a record of pressure 
differences as they existed in the two rooms and, these gravity flues would 
readily account for the displacement of those two pressure difference curves 
in relation to the wind. They would account for the fact that at zero velocity 
we found no vacuum on the outside with respect to that inside. 

Again, referriug to Mr. Nicholl’s question, there has already been done a 
very extensive amount of laboratory work in the determination of the amount 
of infiltration that will take place through openings or cracks in windows and 
doors, with certain specified pressure differences applying, and curves and 
tables present the relation between the quantity of infiltration and the pressure 
differences. However, I do not see how in any way you could in the laboratory 
decide upon the question as to what wind velocity you were going to use in 
applying or making use of the tabular values resulting from the laboratory 
experiments. It seems to me that must be obtained from statistical data with 
respect to the observatory records. 

Mr. Nicuotts: You have to do some intelligent guessing, you mean? 


Proressor EmMswiLer: Mr. Lewis and Mr. Harding presented very interest- 
ing phases of this same question and I am sure that we all look forward with 
anticipation to the results that are available when they have been finished. 
However, the only record which we were interested in was the pressure dif- 
ference across the window. We are continuing this experiment and possibly 
may have some more to present at some later time. 
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AIR INFILTRATION THROUGH VARIOUS 
TYPES OF BRICK WALL CONSTRUCTION 


By G. L. Larson? (MEMBER), D. W. NELSoN® (MEMBER), and C. Braatz* 
(NON-MEMBER), Mapison, WIs. 


The results of cooperative research between the University of Wisconsin 
and the AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


INTRODUCTION 


INCE the fall of 1927, a program of cooperative research concerning air- 
fy infiltration through various types of brick wall construction, sponsored 
by the American Society oF HEATING AND VENTILATING ENGINEERS 
and the University of Wisconsin, has been in progress. The first results of 
this research appeared as a paper entitled, Effect of Frame Calking and Storm 
Windows on Infiltration Around and Through Windows, which was presented 
at the Semi-Annual Meeting of the Society in June, 1928. Preliminary to the 
report contained herein, a second paper entitled Air Infiltration Through Vari- 
ous Types of Brick Wall Construction, was presented at the Annual Meeting of 
the Society in January, 1929, 
This report is in conclusion to the latter paper and contains results obtained 
on plain, plastered, and painted brick walls. 


DESCRIPTION OF APPARATUS 


The test equipment used to determine air leakage or infiltration is shown in 
Figs. 1 and 2. Briefly, it consists of the following: The pressure chamber, A, 
and the collecting chamber, B, between which the wall is placed. The joints 
between the steel channel frames, in which the walls are constructed, and the 
chambers A and B, were made air tight by clamping a rubber gasket between 
the flange of each chamber and the corresponding flange of the steel frame, 
in a manner which is shown in Fig. 2. To facilitate setting up a wall for 
testing, the collecting chamber side of the machine is mounted on a small four- 
wheel truck which can be moved back about 10 ft from the pressure chamber 
on a narrow gage track. 


Artificial wind pressure is produced by a small motor-driven blower, shown 





1 Final poort, on Brick Wall Construction, preliminary report of which is published in 
A. S. H. V. E. Transactions, 1929. 

*Chairman, Department of Mechanical Engineering, University of Wisconsin. 

* Assistant Professor of Steam & Gas Engineering, University of Wisconsin. 

“Instructor in Steam & Gas Engineering, University of Wisconsin. 

Presented at the 36th Annual Meeting of the American Society or HEATING AND VENTILATING 
Enoinegrs, Philadelphia, Pa., January, 1930, 
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at the extreme left of Fig. 2. The pressure drop through the wall was con- 
trolled by means of a damper on the intake of the blower, a relief damper, D, 
and a sliding damper, E, located in the connection between the blower and the 
pressure chamber, at right angles to the flow of air. The pressure drop through 
the wall, from which the corresponding wind velocity was computed, was meas- 
ured with an inclined draft gage F. 

The amount of air which filtered through a wall was measured by inter- 
changeable orifices mounted at the end of orifice box, C, and ranging in size from 
¥% in. to 1% in. in diameter, accurately machined in accordance with Durley’s® 
specifications. A coefficient of 0.6 was applied to all orifices, in conformity 
with Durley’s results. The accuracy of the small size orifices was checked 
by means of a gas meter. A Wahlen gage, G, was used to determine the 





Fic. 1. GENERAL Layout or TEST EQUIPMENT 


pressure difference existing between the orifice box and the atmosphere, into 
which the measured air was discharged. 


GENERAL DESCRIPTION OF WALLS 


All walls were built into frames constructed of 15 in., 33 lb steel channels as 
shown in Fig. 2. The A-shaped frame which appears in the foreground, to- 
gether with a single roller jack arrangement, attached to the other end of the 
wall, provides a convenient means of transporting the walls between the test 
machine and the storage rack, shown in Fig. 1. 

Two types of brick were used in the construction of these walls—a hard 
face brick and a more porous type, commonly known as Chicago clay brick. 
Water absorption tests were conducted on samples of each type of brick by 
the National Bureau of Standards, the results of which are tabulated in Table 1. 
The average dimensions of the hard brick in inches, in the order: Length, width 
and thickness, were 8%, 3%, 242, and for the porous type, 8%6, 3%e6, 2%e. 
The average thickness of the vertical and horizontal mortar joints for all 
of the walls was approximately 4 and \% in. respectively. 

Three of the walls were slushed with cement-lime mortar; the others with 





£On the Measurement of Air Flowing into the Atmosphere Through Circular Orifices in 
Thin Plates and Under Small Differences of Pressure, by R. y. Durley. Volume 27. Transactions, 
A. S. M. E. 
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lime mortar. The walls were constructed such as to differentiate between good 
and poor workmanship. Each of these terms is defined as follows: 


Cement-lime mortar: One of cement, one of lime and six of sand by volume, 
and enough water to make the mixture workable. 

Lime mortar: One of lime and three of sand by volume and enough water 
to make the mixture workable. 


Workmanship: Good workmanship is distinguishable from poor workman- 
ship only in the manner of using the mortar. In good workmanship, the spaces 
between the bricks are completely filled with mortar throughout the thickness 
of the wall, resulting in a wall which is practically free from voids. In poor 
workmanship, very little mortar is used between the two outside faces of 
the wall. The outside appearance of these walls is the same. Fig. 3 is in- 
tended to show this difference in workmanship. The poorer wall appears in 
the foreground. 


The walls were constructed by bricklayers from the Service Department 
of the University of Wisconsin in a manner comparable to actual building 
construction practice. Prior to their construction, which took place during the 
month of February, the bricks were stored out-of-doors. In the opinion of 
the bricklayers, the brick contained the proper amount of moisture, and the 
addition. of more moisture by soaking was deemed unnecessary. 

With the exception of Wall No. 2, the mortar joint between the bricks and 
the steel channel frame was completely calked with a plastic calking compound, 
on both sides of all walls. Fig. 4 shows the effect of calking one or hoth 
sides of this joint for Wall No. 2. The net area of each wall, excepting No. 7, 
was 50 sq ft. 


PROCEDURE 


Each of the walls was subjected to wind pressures corresponding to wind 
velocities ranging from about 5 to 30 mph. With the exception of Wall 
No. 7, which stood for eight months before testing, the original tests of all 
plain brick walls were made after an aging period of five months. These tests 
were repeated at the end of two additional months. 

Walls No. 4 and No. 5 were later plastered, on metal lath and furring space, 
for further testing. After removal of the plaster, Walls No. 4 and No. 5 
were used for the determination of the effectiveness of several kinds of paint 
on infiltration. 

Wall No. 6 was also re-tested with an application of plaster directly on the 
brick, without lath. 

Wall No. 7 was used only to determine the effectiveness of plaster, no tests 
being made on the plain brick wall. 

A more detailed description of the conditions under which these tests were 
conducted relative to plaster composition, nature of paint, aging or drying 
periods, etc., is to be found in the section on Addition of Plaster and Paint 
to Plain Brick Walls. 


,, DISCUSSION oF RESULTS ON PLAIN BricK WALLS 


Fig. 5 shows the results of the tests on the plain brick walls. The in- 
filtration in cubic feet per hour per square foot of wall surface is plotted against 
















POE PSE SR eon 





mer eye ARR, Sab 


| 
¢ 
4 





102 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 





Fic. 2, MACHINE OPEN witH TEST WALL IN PLACE 


the pressure drop through the wall in inches of water. Each curve was de- 
termined from the points of two series of tests; one set of points from the 
original tests made five months after construction and the other from the check 
tests made two months later. The difference in values of the original and 
check tests was found to be less than one per cent for Walls 3, 4 and 6. 
The check tests on Wall 2 showed 7.1 per cent less infiltration than did the 
original tests and the check tests on Wall 5 resulted in 2.6 per cent more 
infiltration than did the original tests. This seems to show that there is no 
correlation between infiltration and the aging of the walls between the time 
of the original and check tests. Further, there seems to be no correlation 
between the humidity at the time of testing and the variation in test results. 
This comparison is given in Table 2. 

The test results in cubic feet per hour per square foot of wall as shown in 
Fig. 5 are replotted ‘in Fig. 6 against a uniform scale of velocity in miles per 
hour instead of against a uniform scale of pressure drop in inches of water. 





Fic. 3. Brick Watts Unbder ConstTRUCTION 
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When plotted in this way, the results show how rapidly infiltration increases 
with increase in wind velocity. 

Table 3 gives the infiltration through the various plain brick walls for the 
range of pressures used in the tests and the corresponding wind velocities 
ranging from 5 mph to 30 mph. This table also shows a summary of the work- 
manship, mortar and brick for each of the walls. 

The results show that Wall 6 is considerably poorer from the infiltration 
standpoint than the other walls. Wall 6 was constructed of porous brick and 
lime mortar applied with poor workmanship. By improving the workman- 


TABLE. 1. Water AssorPTION TESTS OF BRICKS 
Water Assorption (Tota Immersion) as Per Cent oF Dry Weicut 








1 hr 5 hr 24 hr 48 hr 5 hr 

cold cold cold cold boiling 

dat Sa oe Ave.| 13.1 | 13.7 | 14.3 | 14.8 | 16.9 

a {hax 14.7 | 15.3 | 15.9 | 16.7 | 18.8 
10 specimens...........+.- Min. 10.0 10.3 10.9 oe | 13.4 




















ee ’ (Ave! 15.0 | 16.4 | 17.7 2 | 21.4 
woe ee Bride Mi 9.9 | 21.9 | 2.0 | 2.6 | 24:5 


10 specimens. .......0..000 Min. 11.2 12.8 13. 18.3 





PENETRABILITY OF Brick Expressep as Per Cent oF Dry WEIGHT AssorBED IN 1 Hour 
Wuen 1n %-In. Contact WitH WATER 











Per Cent Absorption Time to Wet Through 

End Face Fiat End Face} Fiat 

: Ave. 4.7 8.8 13.6 (Greater thanl1 hr..| 33m 

agg rina { Max.| 5.3 10.1 15.2 \Greater than 1 hr..| 50m 

10 specimens.... { Min. 3.6 6.1 10.4 Greater than 1 hr..| 28m 
— 

hite Brick.... ( Ave. 6.3 9.6 13.7  |Greater than 1 hr..| than 

wae ee Max.| 8.4 13.8 19.1 Greater than 1 hr..| hr 

10 specimens... Min. | 3/8 4:8 | 10.4 Greater than 1 hr..| 40m 




















ship and using cement-lime mortar rather than linie mortar in Wall 4, the 
infiltration loss is cut to a little less than 50 per cent. In the case of the 
hard brick walls, Wall 5, the poorest, allows the passage of 37 per cent as 
much air as does the poorest wall built of porous brick. The best wall built 
of hard brick, Wall 2, allows the passage of about 70 per cent as much air 
as does the poorest wall built of hard brick, Wall 5. The comparison given 
here between the poorest and best walls for each type of brick is not strictly 
true, since the poorest of the two hard brick walls had cement-lime mortar 
as against lime mortar for the poorer porous brick wall. 


Had a wall been built of hard brick, lime mortar and poor workmanship, 
its probable leakage would have been 4.59 cu ft per hour per square foot at 
15 mph. This figure is arrived at by adding to the leakage through Wall 5 
which was built of hard brick, with cement-lime mortar and poor workmanship, 
the difference between the leakage of lime mortar and cement-lime mortar as 
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applied to hard brick Walls 2 and 3 (3.85 + 0.74 = 4.59). The true com- 
~ parison then between the poorest and best hard brick walls would be that the 
best hard brick wall would have a leakage vaiue a little less than 60 per cent 
of that of the poorest hard brick wall. The corresponding comparison for 
porous brick walls was slightly less than 50 per cent. At 15 mph, the differ- 
ence between the best and poorest of the hard brick walls would be 4.59—2.71 
= 1.88 cu ft per hour per square foot of wall, and for the porous brick walls 
would be 10.35 — 5.05 = 5.30 cu ft per hour per square foot of wall. 

This comparison shows that there is a greater variation in infiltration be- 
tween the best and the poorest walls built of porous brick than between those 


Al- FRAME WITHOUT CALKING 
B-FRAME CALKED ON PRESSURE SIDE 
C-FRAME CaLKeD ON BoTH Si0es 





lrin.TRATION in Cubic FEET Per UNUTE 


Fic. 4. Errect or CALKING THE Mortar JorintT BETWEEN THE CHANNEL FRAME 
AND WALL No. 2 


built of hard brick. This may be due to one of several causes. One possible 
cause is the variation due to chance. Were a similar set of walls to be built, 
the results likely would not check exactly the results of this series of tests 
because of a variation in materials and workmanship. Also, there is a 
possible cause in the psychology of good materials. A workman instructed 
to do equally poor work on ‘two walls, one built of hard brick and the other 
of porous brick, might unconsciously do better work with the better material, 
the hard brick. It also seems logical to believe that two walls of good work- 
manship are more likely to be on a comparable basis from a workmanship 
standpoint than would two walls of poor workmanship, inasmuch as a com- 
pletely slushed wall is more easily duplicated. 

Since poor workmanship consists mainly in leaving voids between the bricks 
in the interior of the wall, and since the porous brick is likely to be much 
less uniform in density, it may be that poor workmanship allows passageways 
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for air through short distances from the face of the porous brick to the voids, 
and then out on the other face of the wall through a short distance of brick. 
This explanation would require that the hard brick wall passes most of the 
total infiltration through the mortar joints. ; 
Another probable cause for this greater variation between the best and 
poorest of porous brick walls as compared to the best and poorest of hard 
brick walls is in the effect of the porosity of the brick on the proper setting 
of the mortar. It is likely that the porous brick draws the water from the 


TasB_LeE 2. COMPARISON OF HUMIDITY AND TEST RESULTS VARIATIONS 














— eee Change in Pee arse P 
Av. Humidit Av. Humidit ; Variation in 
Wall No. Original : Check ‘ Ber cmraee A Test Results 
Tests Tests Per Cent Per Cent 

2 74.3 40.5 — 45.4 — 7.07 

3 55.9 63.4 + 13.4 — 0.27 

4 77.2 58.8 — 23.8 — 0.14 

5 65.4 31.7 — 51.6 + 2.62 

6 67.1 36.6 — 45.5 — 0.24 











TABLE 3. INFILTRATION IN CuBIC FEET PER Hour PER SQUARE Foot or PLAIN WALL 






































) i 7 
athe bd Wall Wall Wall Wall Wall 
Inches of mph No. 2 No. 3 No. 4 No. 5 No. 6 

Water 
0.012 5 0.34 0.46 0.71 0.51 1.60 
0.048 10 1.30 1.64 2.36 1.83 5.30 
0.108 15 2.20 3.45 5.05 3.85 10.35 
0.192 20 4.59 5.76 8.31 6.34 16.28 
0.300 25 6.85 8.38 12.03 9.22 23.05 
0.431 30 9.31 11.30 16.00 12.40 30.80 

iP I Kind of Kind of Kind of 

Was Me. Workmanship Mortar Brick 

2 Good Cement-lime Hard 
3 Good Lime Hard 
4 Good Cement-lime Porous 
5 Poor Cement-lime Hard 
6 Poor Lime Porous 








mortar before it has time to set and consequently causes an opening of 
pores and a shrinking away of the mortar from the brick surfaces. The 
bricks, both hard and porous, were considered by the mason to contain the 
proper amount of moisture for the proper laying up in the walls. 

Table 1 shows the water absorption characteristics of the two kinds of 
brick used. It seems that the absorption test giving the best indication of the 
drying out effect of the bricks on the mortar would be the total immersion 
test in cold water for 24 hours, since the bricks are about five-sixths im- 
mersed in the mortar and 24 hours is near to the time required for proper 
setting of the mortar. For total immersion for 24 hours in cold water, a 
comparison of the figures in Table 1 shows that the hard bricks absorb 81 
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per cent as much water as the porous bricks. In the absorption tests, the 
bricks are dry to start with; in building the test walls, the bricks come in 
contact with mortar when they are somewhere between the dry and saturated 
condition. Also one face is exposed to the air. Under these altered condi- 
tions, it is not known whether the ratio of absorption for the two types of 
bricks would remain the same as under the absorption test conditions. The 
tests on air infiltration seem to indicate a greater difference in leakage through 
mortar applied to hard and porous bricks than the absorption tests would 
indicate. 

The hard brick wall, with lime mortar and poor workmanship synthesized 
from Wall 5 and a comparison of Walls 2 and 3 would have a probable 
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Fic. 5. RESULTS oF INFILTRATION TESTS ON THE 13-INCH PLAIN Brick WALLS 


leakage of 4.59 cu ft per hour per square foot at 15 mph. This would be a 
wall built to the same specifications as Wall 6, ‘except for the difference in 
brick. Wall 6 had a leakage of 10.35 cu ft per hour per square foot at 15 mph. 
The poorest hard brick wall-would then have a leakage of 44 per cent as great 
as that through the poorest porous brick wall. 

The substitution of cement-lime mortar for lime mortar in this poorest hard 
brick wall would reduce the leakage by 0.74 cu ft per hour per square foot 
of wall at 15 mph, or a saving of 16 per cent. The difference in leakage of 
Walls 5 and 2 gives the comparison of good and poor workmanship for hard 
brick walls. The saving in using the better mortar is 1.14 cu ft per hour per 
square foot, or a saving of about 25 per cent. The total reduction in infiltra- 
tion by using the cement-lime mortar applied with good workmanship in place 
of lime mortar applied with poor workmanship is 1.88 cu ft per hour per 
square foot for hard brick walls, or a reduction of 41 per cent. 

The same comparison of mortar and workmanship cannot be made separately 
for porous brick walls, since only two walls were tested. However, the best 
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porous brick wall on which cement-lime mortar was applied with good work- 
manship has a leakage of 5.30 cu ft per hour per square foot less than does 
the poorest porous brick wall, which uses lime mortar applied with poor 
workmanship, or the reduction is 51 per cent. For hard brick, this reduction 
was 41 per cent. This seems to indicate that it is more important to use the 
best mortar and workmanship on porous brick walls than on hard brick walls. 
This is indicated both by the greater saving in cubic feet'of infiltration and by 
the percentage saving. In actual construction, the item of cost would also 
enter in choosing material and workmanship. The hard brick !is more ex- 
pensive and the added cost of cement-lime mortar over lime mortar, and good 
workmanship over poor, would result in a smaller percentage increase in the 
wall cost than in the case of porous brick walls. 

A hard brick wall with lime mortar applied with poor workmanship, it was 
found, would have a leakage of 4.59 cu ft. The porous brick wall with cement- 
lime mortar and good workmanship has a leakage of 5.05 cu ft. Then the 
poorest hard brick wall has a leakage 91 per cent as large as that of the best 
porous brick wall. 


ADDITION OF PLASTER AND PAINT TO PLAIN Brick WALLS 


With the completion of the original and check tests on the plain brick 
walls, the results of which are shown in Table 3, plaster and paint were 
applied to some of the walls. The walls used for these additional tests were 
numbers 4, 5 and 6, and were selected because of their relatively high leakage 
as plain walls. The same wall was used for both plastering and painting in 
the case of Walls 4 and 5. The work was done by plasterers and painters 
from the Service Department of the University of Wisconsin. 

The first step taken with Walls 4 and 5 was the application of metal lath 
and plaster with a furring space. The thickness of the plaster was % in. and 
the furring space was about the same. The plaster used was a gypsum plaster 
applied in three ‘coats. The scratch coat consisted of two parts of sand to 
one part of plaster with hair. The brown coat was proportioned two and 
one-half parts of sand to one part of plaster with hair. The sand finish coat 
was made of equal parts of sand and plaster without hair. On Wall 6, three 
coats of gypsum plaster were applied directly to the brick. The total thick- 
ness of the plaster and the composition of the coats were the same as for 
Walls 4 and 5, except that tke brown coat was proportioned three parts of 
sand to one part of plaster with hair. The walls were allowed to stand three 
weeks or longer after plastering before testing. The joint between the steel 
frame and the plaster was sealed with roofing cement. 

After the tests of Walls 4 and 5 with the plaster applied were completed, 
the walls were stripped of the furring, lath and plaster, so that they were 
in their original plain condition except for the nail holes remaining in the 
mortar joints from the nailing of furring strips. The walls were re-tested 
for air infiltration and paint was then applied. All painting was done with 
a brush. 

Three coats of exterior white lead and oil paint were applied to Wall 4 
directly on the bricks. This paint was mixed in the proportions of 100 Ib 
of white lead paste to 4 gal of linseed oil and % gal of turpentine. The wall 
was tested after the application of each coat. The first and second coats were 
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applied with just ordinary care with no attempt to fill all crevices. The wall 
appeared well painted after the application of the first two coats. The third 
coat was put on with special effort to seal all pores and crevices. This coat 
was applied with much more than ordinary care. A drying period of one 
week was allowed after each coat before testing. 

One heavy coat of cold water paint was applied directly to the bricks of 
Wall 5 upon removal of the furring strips, metal lath and plaster. The wall 
was tested after-a drying period of three weeks. After the wall was tested, 
this coat was washed off as completely as possible with a stiff brush and water ; 
first by hard scrubbing to loosen the paint, and then by flushing off with water. 
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An effort was made to rerhove it from the mortar joints. The wall was then 
tested again after standing one month. 

Wall 5 was then given two coats of a prepared linseed oil paint containing 
barium sulphate and zinc sulphide mixed with turpentine for interior use. A 
test was made after the ‘application of each coat. The first coat dried for 
two and one-half weeks before testing; the second, five days. 

No tests were made of paint applied to plaster. 

The results of the plaster and paint tests are shown in Table 4 for Wall 4, 
Table 5 for Wall 5 and Table 6 for Wall 6. The results are shown graphically 
in Fig. 7 for Wall 4, Fig. 8 for Wall 5, and in Fig. 9 for Wall 6. The plain 
wall results before plaster was applied and after plaster was removed have 
been included in these tables and on the curve sheets for comparison. The 
one exception to this was in the case of Wall 4, where the plain wall results 
before plastering were left out, since the curve was almost identical to C, the 
curve for one coat of white lead and oil. 

The results show that in each case plastering reduced the infiltration to a 
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very low value. At 15 mph, plastering reduced the leakage through Wall 4 
by 94 per cent, through Wall 5 by 96 per cent, and through Wall 6 by 98 
per cent. It is to be expected that plaster applied directly to the brick would 
be more effective in preventing infiltration than plaster applied on lath with 
a furring space, since the furring space acts as a distributing chamber for 


TasLe 4. Resutts oF Tests ON WALL 4 


























Drop in : Coat 2 Coats 3 Coats 
Wind | Pressure Plan | uring | Plaster | White White White 
Vel. Inches of Wall Plaster Removed Lead Lead | Lead | 
mph Water and Oil |° and Oil and Oil 
5 0.012 0.71 0.05 0.65 0.61 0.61 0.52 
10 0.048 2.36 0.14 2.52 2.38 2.31 1.87 
15 0.108 5.05 0.28 5:22 4.97 4.76 3.75 
20 0.192 8.31 0.47 8.64 8.31 7.78 6.08 
25 0.300 12.03 0.68 12.55 12.07 11.27 8.69 
30 0.431 16.00 0.92 16.87 16.03 15.18 11.62 








TABLE 5. Resutts oF Tests oN WALL 5 









































od Drop in al Plain . Cold 
Wind Pressure Plain Bevies After ry Water icone [oo 
Vel inches Before | Lath and | Plaster Water Paint Oil Oil 
mpe o Plastering Plaster was Re- Paint Washed Paint Paint 
Water moved Off 
5 0.012 0.51 0.02 0.65 0.27 0.27 0.27 0.27 
10 0.048 1.83 0.07 2.30 1.03 1.03 1.03 1.03 
15 0.108 3.85 0.15 4.61 2.22 2.17 2.13 2.03 
20 0.192 6.34 0.25 7.45 3.77 3.37 3.27 3.08 
25 0.300 9.22 0.34 10.87 5.58 4.54 4.40 4.12 
30 0.431 12.40 0.42 14.86 | 7.67 5.77 5.61 5.19 
TABLE 6. RESULTS OF TESTS ON WALL 6 
Wind Vel. Bree in Pressure Plain Plastered Directly 
mph Inches of Water Wall on Brick 
5 0.012 1.60 0.03 
10 0.048 5.30 0.09 
15 0.108 10.35 0.18 
20 0.192 16.28 0.29 
25 0.300 23.05 0.40 
30 0.431 30.80 0.52 














air coming through passageways in the brick and mortar. Plaster applied 
directly, it seems, would tend to close the passageways in the brick and 
mortar. The percentage figures given above seem to indicate that this is 
true, since the percentage reduction was the greatest (98 per cent) for Wall 6 
which had plaster applied directly. Not too much reliance can be placed on 
the difference in these percentage reductions because of the small quantity of 
air being measured in the tests of plastered walls. For example, at 15 mph 
for Wall 5, a reduction in leakage of 0.03 cu ft per hour per square foot of 
wall would change the percentage reduction by one per cent. It would seem 
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that the most difficult condition in which to secure a large reduction in leakage 
would be by plastering on the wall having the greatest leakage as a plain 
wall. Wall 6 had considerably the highest leakage as a plain wall, which 
seems to indicate that the greater per cent reduction for plaster applied directly 
to the brick is real. In service, however, a furred wall would probably have 
less tendency to crack from any settling occurring in the brick wall and 
would, therefore, better maintain its resistance to air leakage. 

The application of one coat of interior cold water paint reduced the leakage 
at 15 mph of Wall 5 by 52 per cent. The wall face was completely covered 
by this coat and no second coat was applied. The reduction in leakage on 
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painting with cold water paint is considered to be due to the clogging of 
pores and crevices in the brick and more especially in the mortar joints by 
the paint which was applied as a thick paste. The surface appearance was 
dull and chalky and gave no indication of effecting a considerable reduction 
in leakage. Upon testing after the removal of all cold water paint from the 
surface by scrubbing with a brush and water, the leakage was found to de- 
crease slightly over the leakage secured when the cold water paint was applied. 
This further bears out the belief that the leakage was reduced by filling open- 
ings below the surface. The scrubbing action with water apparently carried 
additional paint material into pores and crevices. 

Wall 5, then in the condition of a plain wall with cold water paint washed 
off, was treated to two coats of a white oif paint. It would seem that the 
cold water paint, although filling the crevices, would still be porous and that 
the oil from the oil paint would bind this porous material together and further 
reduce the leakage considerably. The first coat gave a reduction in leakage 
at 15 mph of only 2 per cent and the second coat an additional 4.5 per cent, or 
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a total reduction of 6.5 per cent. The application of two coats to the hard 
brick seemed to give a smooth and finished surface. The surface was less 
perfect on the mortar and it would seem that the oil paint was incapable of 
stopping the leakage through pores and crevices that the cold water paint had 
not already filled and stopped completely. White lead and oil paint applied to 
the bare brick surface of Wall 4 after the furring strips, metal lath and 
plaster were removed gave a reduction measured at 15 mph of 5 per cent for 
one coat and 9 per cent for two coats. The brick of this wall was a porous 
brick and it was observable that two coats did not cover all the imperfections 
in the brick, although the appearance of the surface was excellent from a 
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distance. An additional coat applied with extreme care in an attempt to cover 
all imperfections resulted in an additional 19 per cent reduction or a total 
reduction of 28 per cent for the three coats. 

The nail holes made by the nails holding the furring strips in place in- 
creased the leakage considerably more on the poor workmanship wall, No. 5, 
than on the good workmanship wall, No. 4. The test of Wall 4 after the 
furring strips, metal lath and plaster were removed showed an increase in 
leakage over that in the original tests attributable to the nail holes of 3.5 per 
cent measured at 15 mph. The corresponding increase for Wall 5 was 20 per 
cent. The type of mortar was the same for the two walls. In the case of 
Wall 4, the joints were completely slushed, whereas in the case of Wall 5, 
they were not and the nail holes penetrated into the void space in the interior 
of the wall. 


IMPORTANCE OF SEALING PLASTER 


The tests show that plaster is very effective in reducing leakage to a 
negligible value. The condition of the plastered walls tested was most favor- 
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able to low leakage. No cracks existed in the plaster, and the perimeter 
against the steel frame channel members was completely sealed. In ordinary 
building construction, it was doubtful if the full efficiency of the plaster in 
stopping leakage is ever realized. There is opportunity in the case of a furred 
wall for the air to travel in the furring space to edges of the plaster sheet 
and enter the room at the edge of the wood trim such as baseboards, and also 
to get into the floor construction and enter the room through the flooring 
joints or through openings made in it such as are made for heating pipes. 
To obtain the full efficiency of the plaster in stopping air leakage, the plaster 
sheet should be sealed at all edges. At the baseboard, this would mean the 
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running of the plaster coats down to the rough floor and also filling the space 
between the plaster sheet and the brick wall surface with plaster. Any cracks 
or imperfections due to uneven settling of the building would tend to destroy 
the effectiveness of the plaster in stopping air infiltration. 


To study the effect of imperfect sealing at the baseboard, Wall 7 was 
plastered and equipped with an 8-in. baseboard. The wall was built of porous 
brick, lime mortar and poor workmanship and was equipped with a window 
opening. Gypsum plaster in 34-in. thickness was applied on metal lath in 
three coats, and a furring space of about the same thickness was provided. 
The plaster coats were stopped irregularly within an inch or two of the 
bottom channel, which corresponds to the floor level in building construction. 
The baseboard was then applied in the usual manner, except it was screwed 
to the grounds instead of nailed. The wall was allowed to dry one week 
before testing. Fig. 10 shows Wall 7 after plastering. 


Three tests were made of the plastered wall equipped with the baseboard. 
In test run A, the baseboard was fitted as closely as could be against the sand 
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finished plaster. In this case, the end and bottom joints between the base- 
board and wall were completely sealed. The baseboard was routed out or 
relieved in the center so that the bearing on the wall was over a width of 
1% in. at the top and bottom. In test run A, the fit to the wall was such 
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Fic. 10. PLAsterR AND BASEBOARD CONSTRUCTION ON WALL 
No. 7 


that at no place could a %e-in. gage be slipped between the baseboard and 
the plaster. 

It is estimated that the average clearance was almost %e in., allowing for 
the roughness of the sand-finished plaster. In test run B, the baseboard was 
completely sealed on the top as well as on the bottom and ends, This cor- 
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responds then fairly closely to a test of the wall when completely plastered and 
sealed at the joint against the steel frame members. In test run C, the base- 
board was removed completely and the furring space was open to the collecting 
chamber or room side of the testing machine through the inch or two of 
irregular space at the bottom of the plaster sheet. This run then corresponds 
to a test of the plain wall not plastered, since all parts of the brick and mortar 
surface have access to the furring space. 

Fig. 11 shows the results of these three test. runs in graphical form. The 
results are given in total infiltration through the wall in cubic feet per minute. 
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The difference between the values on Curves C and B gives the reduction 
in leakage that is due to plastering completely, allowing no leakage around 
the baseboard. The difference between the values on curves C and A shows 
the reduction in leakage occurring when the plaster is not perfectly sealed at 
the bottom and a baseboard is applied. The reduction in leakage for plaster- 
ing completely (C-B) is 2.27 cfm at 15 mph for the entire wall. The reduc- 
tion in leakage over that of the plain brick wall for the condition where the 
plaster is not perfectly sealed at the baseboard is C— A, equal to 1.06 cfm at 
15 mph for the entire wall. The effectiveness of the imperfectly sealed plaster 


CR’ which is about 47 


per cent. Then, the plaster and baseboard as built reduced the leakage roughly 
one-half as much as would the best plaster coat. This seems to bear out the 
importance of sealing the edges of the plaster sheet as at the baseboard, if 
the value of plaster in stopping air infiltration is to be realized in building 
construction. 


and baseboard is then measured by the ratio of 
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To study the relative importance of infiltration through brick walls as 
compared to other factors involved in heat loss calculations, the following 
example has been worked out. The comparison was made on a ten-story 
office building omitting the basement. The total boiler load figured 12,200 
sq ft of direct radiation for a temperature difference of 70 deg and an emissivity 
of 240. The wall area, exclusive of window and door openings, was 37,860 
sq ft and in this example was considered as all 13-in. brick wall with furring 
space, metal lath and 3-in. plaster. The infiltration factors used on the 
windows and doors averaged about 110 Btu per hour per foot of crack. 

An effectiveness of plaster of 50 per cent was used in accordance with the 
baseboard tests on Wall 7 included in this paper. For Wall 4, this would be 
an infiltration value of 8.46 cu ft per square foot per hour, or a heat loss factor 
of 10.7 Btu per square foot per hour for 70 deg temperature difference at 
15 mph. For Wall 5. the corresponding values are 2.00 cu ft and 2.5 Btu. 
Assuming one-half of the wall area exposed, to wind at one time, the calculated 
radiation to overcome infiltration through the brick on Wall 4 would be 
926 sq ft or 7.6 per cent of the total calculated radiation, and for Wall 5 would 
be 220 sq ft, or 1.8 per cent of the total calculated radiation. 


The infiltration heat loss through the brick, based on the results of tests on 
Wall 4, was 25 per cent of the infiltration through windows and doors, and 
the corresponding figure for Wall 5 is 6 per cent. 


The comparisons probably represent conditions in a building where care 
has not been taken in sealing the plaster sheets at the baseboards and other 
wood trim. For a case where the sealing of the plaster is perfect, the amount 
of infiltration through the walls would be greatly reduced. 


Based on the test results for Wall 4, the heat loss due to the infiltration 
through the walls would be 2.7 per cent of the infiltration loss through the 
windows and doors and the corresponding loss using the results of Wall 5 
would be 0.5 per cent. Expressed in terms of the total heat losses for the 
building, the heat loss due to infiltration through the walls would be 0.8 per 
cent for the type of construction corresponding to Wall 4 and 0.14 per cent 
for Wall 5. 


This indicates the importance of reducing infiltration for brick walls furred 
and plastered by the proper sealing of the plaster sheet at the baseboard and 
other wood trim. 


CoNCLUSIONS 


Plain brick walls vary greatly with respect to ait infiltration. Of the three 
factors—brick, mortar and workmanship—workmanship seems to be of most 
importance, the composition of the mortar as to cement and lime content next 
in importance, and the brick the least important. The infiltration for the 
13-in. plain brick walls tested ranged from 2.71 to 10.35 cu ft per hour per 
square foot of walls. 


Gypsum plaster, when properly applied, stops almost all infiltration. The 
results show that plastering stopped about 96 per cent of the leakage of the 
plain brick wall. Plastering directly on brick seemed to be slightly better 
than on metal lath with a furring space. The difference is small and the 
saving due to plastering directly on the brick would be negligible as com- 
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pared to the saving in heat transmission effected by the furring space in 
the other construction. 

The effectiveness of plaster in stopping infiltration in actual building con- 
struction is probably much less than that found in these tests. Cracking of 
the plaster, imperfect sealing of the plaster sheet at the wood trim, such as 
at the baseboard, would decrease the effectiveness greatly. A test made of 
a baseboard equipped wall, with a furring space, showed an effectiveness of 
only 50 per cent of that obtained with a perfectly sealed plaster wall. 

Two ordinary coats of a linseed oil paint applied directly to the surface of 
a porous brick wall reduced the leakage by 9 per cent. A third coat applied 
.With extreme care made the total reduction in infiltration 28 per cent. 

One heavy coat of cold water paint applied directly to the surface of a hard 
brick wall reduced the leakage by 50 per cent. 

A study made on a typical 10-story office building, considering all walls 
to be 13-in. brick with furring space, metal lath and plaster, indicates that the 
infiltration heat loss through the brick would range from 6 to 25 per cent of 
the infiltration heat loss through the windows and doors where the plaster 
is not properly sealed. For perfect sealing of the plaster, these percentages 
would be reduced to 0.5 to 2.7 respectively. This would indicate that the in- 
filtration loss through brick walls with properly sealed plaster at the baseboard 
and other wood trim is negligible in making calculations for heat loss. 


DISCUSSION 


Epwin C. Evans (WritTEN): This entire matter of building wall leakage 
is so vitally important to all human beings, affecting as it does the majority 
of building trades and manufacturers of building materials, I hope the Com- 
mittee on Research will request a continuation of this investigation by Pro- 
fessor Larson. 

Porosity is a natural enemy of practically all of the engineering professions 
and Professor Larson has shown how far-reaching is the porosity of 13-in. 
brick walls and he, no doubt, intends to further investigate a simple means 
or method of eliminating it, perhaps by applying common lead or zinc paint 
pigment, with special attention paid to the application of the first ‘and second 
coats; that is, the first coat should be thinned with turpentine and applied 
without driers to assure penetration of the paint pigment to some given depth 
below the surface. The second coat should be applied with less turpentine, a 
little linseed oil and very little drier, while the third coat should be of the 
proper consistency with the addition of the correct amount of turpentine, 
linseed oil, and drier, well-known to the trade. This treatment is equally 
adaptable to concrete and has frequently been used with success to prevent 
loss with pressures below % Ib per sq in. 

Professor Larson describes his method of application and kind of paint 
together with the proportions of oil and turpentine, and in Table 4, results 
are shown that would not justify the use of oil and lead paint to kill porosity. 
However, if a further study of the application of oil and lead paint can be 
made, it will be found that painting in this manner will be far cheaper than 
plaster with even better results than are shown in Fig. 8. In the case of the 
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water paint, porosity of the water paint itself, is very readily detected (see 
Table 5) but water paint could have been made to serve its purpose with 
better results, had the first coat been sufficiently diluted to permit it to flow 
into the outer surface of the wall. 


In the foregoing, I have assumed that all the walls were treated with both 
paint and plaster on the pressure side without the fan in operation. This 
point should be brought out, as the pigment or plaster would have the backing 
of the wall which, in the case of some pigment materials, could readily be 
judged as ineffective for the purpose intended. 


Applied to brick pent house walls, Professor Larson’s paper should be very 
closely studied by architects and heating and ventilating engineers, some of 
whom, I regret to say, continue to use the pent house room as an exhaust 
chamber with a housed fan operating as an exhauster at a pressure of % in. 
of water and higher which, due to wall leakage, makes impossible either a 
reasonable close heat and humidity control or a clean air system. Such pent 
house designs should be discarded, especially so when studying the tables 
of air leakage shown by Professor Larson even though he has used wind 
pressures only up to and including 30 mph, whereas many of us have fre- 
quently had to work with pressures equal to wind velocities as high as 85 mph. 


Professor Larson has shown the effectiveness of furred lath and plaster 
wall protection against porosity but only, of course, of gypsum plaster and 
these values, very likely, will not hold if soft acoustic plasters are used. 


Where both the architect and engineer are called upon to contend with 
air leakage through the wall itself and acoustics within the room or rooms 
themselves, the reason for further research is apparent and to date, we have 
only the work of Professor Larson’s laboratory to thank for the best known 
progress. Especially valuable are the results shown in Fig. 11 as regards 
sealing the baseboard, also his description for the benefit of the architect 
and trade of running the plaster down to the flooz. 


The brick mason must use water, and the Bureau of Standards table, shown 
as Table 1, gives plenty of room for thought on the part of the heating and ven- 
tilating engineer and especially the heating contractor who, in an 8 room resi- 
dence built of 13-in. brick walls, must contend with excess water contained in the 
bricks and mortar joints. Then the plasterer comes along with a considerable 
amount of additional water and, while this point is not new to any heating 
engineer or heating contractor, one must at least be partially surprised when 
reading the figures on the amount of water that such a residence starts out 
with. Evaporation of this water, due to outside wind pressure and radiant 
heat from the sun, will always be an unknown quantity but after a fashion, 
this job is finally licked with salamanders or some kind of temporary heat. 


How often do we hear complaints against a heating system in a new building 
which proves to be entirely satisfactory after the building is dried out to 
normal water content. The heating engineer should bear this point in mind 
and protect the heating contractor when this matter of building water is 
overlooked in the complaint of the architect or owner. 

I want to commend Professor Larson and his co-workers on this very 
valuable and interesting paper which shows the results of a tremendous amount 
of work, time and study, and I am sure that all who have studied the charts, 
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tables and descriptions will join me in this commendation and hope for a 
continuation of this research. 

Were the test walls weighed when first built and at the time they were under 
test? If so, what was the loss of water weight and what was the additional 
loss of weight at the end of the test? 

Were the paint and plaster applied to the front or pressure side of the wall ? 

What were the dry-bulb and wet-bulb temperatures of the air entering the 
fan from the room? 

Will tests be run with higher wind pressures up to 60 mph, or say—1% 
in. of water? 

L. B. Lent (Written): If any discussion of this excellent paper is war- 
ranted, it may be worth while to call attention to some of the points which 
might, in my opinion, be worthy of special emphasis. 

I think we should bear in mind that a total of only seven walls were built 
and tested and that each of these seven walls were purposely built to repre- 
sent a certain set of conditions. It is important to remember that all brick 
are not alike, but there are many grades varying over a considerable range in 
physical properties, and there are also many grades of brickwork. 

It is quite impossible to construct brick masonry so that what might be 
called average conditions are represented in a single wall. Average values 
can only be obtained by averaging the results of the tests of many walls. 

In a discussion of a former paper on this subject presented at the annual 
meeting in Chicago, I offered some information which came from investiga- 
tions on the same subject made in Germany, and in which it was shown that 
the amount of air passing through a mortared wall is far in excess of that 
which one calculates from the data on a single brick; the ratio being ap- 
proximately 380 to 1. In other words, the amount of air which could be 
actually forced through a single brick, or through all of the bricks constituting 
a wall construction, would probably be very much less than that which passes 
through the mortar joints. Hence, the physical properties of the brick which 
constitute the wall may be assumed to be of minor importance. 

In this paper the average absorption of the hard brick, measured by a 48- 
hour immersion, was 14.8 per cent and that of the more porous brick measured 
by the same method, 18.2 per cent. The percentage of absorption for the 
hard brick is relatively high as compared with that for other hard bricks from 
other parts of the country. 

I am of the opinion that, in any case, absorption percentage has little or no 
significance in the amount of air which may pass through the bricks, but that 
it may influence the adhesion of bricks and mortar and, therefore, the tight- 
ness of the mortar joint. 

Without discussing the results stated in the paper, it would appear, as might 
be expected, that joint filling and adhesion of mortar to bricks are the im- 
portant factors affecting the infiltration of air through any brick wall. 

Since only one wall of each kind was tested, the results reported may well 
be considered as indicative rather than conclusive, for reasons already stated. 
It is also sometimes dangerous to deduce other results than those observed by 
mathematical calculations, for the actual phenomena may be different from 
those imagined. 
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To me, an important conclusion given in the paper is that the tests show 
that plaster is very effective in reducing leakage to a negligible value. This 
is important because it would seem to be always desirable to plaster the sur- 
face of any brick wall in any structure where heating costs are of any con- 
siderable amount. The cost of a plaster coating should much more than offset 
the cost of any heating equipment plus the annual fuel bill. One can hardly 
imagine a case where a plaster coating would not be more than justified. 

The experience of other research workers in the field of masonry wall 
strengths, sound resistance, and heat transmission, indicates that much care 
should be exercised in using the results of tests from only one sample of 
wall construction. 

If the results of this investigation are published in Tue Gurpe for the in- 
formation of designers, I think a word of caution should be inserted to the 
effect that they represent the result of only a single test and, therefore, are 
not conclusive. 

Jupson Vocpes: We of the Brick Association have been conducting a lot 
of tests on subjects very closely allied with the infiltration of air through brick 
walls. This is covered mainly in our investigation of leakage of moisture 
through walls. We have found that it is very hard to duplicate conditions 
by taking the same materials and the same workmen and building two walls. 
There are many factors which enter into the leakage, and I believe it also 
applies to leakage of air through these walls. As far as the passing of air 
or water through the individual bricks is concerned, I do not believe that it 
is a very important consideration, but that workmanship, kind of mortar, are 
of great importance. We are constantly trying to educate the masons and 
contractors to build better walls and I believe when they do that there will 


. be less infiltration of air through those walls. 


L. A. Harpinc: There is one sentence in Mr. Lent’s comments on Pro- 
fessor Larson’s paper which I question and that is to the effect that one 
might infer from Professor Larson’s paper that all brick walls in buildings 
which are to be heated should be plastered. I doubt very much whether that 
is so, particularly in the case of a single story factory building having a large 
percentage of the wall surface constituted of glass. The outside curtain walls 
are on the average 42 in. high. The infiltration can only take place on the 
windward side of the building and, as the infiltration through the wall is an 
exceedingly small percentage of the total heat loss of building I doubt very 
much the economic soundness of applying a. plaster finish under those condi- 
tions. Of course, it is not customary practice. 

F. D. Menstnc: Professor Larson calls attention to the loss that is likely 
to result through poor baseboard construction. I think there is a possibility 
of connection with the Fire Underwriters. They are vitally interested in the 
travel of air from basements up to upper stories. They find a great deal of 
that is caused by a lack of sealing of vertical construction at the floor lines. 
I know of many instances where poor construction has happened, and I guess 
others have also come in contact with it. The Society might make a note 
of this to make a contact with the Fire Underwriters’ Laboratories. 

E. K. CampsBe.t: It has been pointed out a good many times in the dis- 
cussions at these meetings that there is apt to be a considerable difference 
between laboratory conditions and field conditions. Professor Larson has 
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pointed out the importance of sealing the joints between the wall section and 
the steel frame, also the importance of sealing the furring at the floor line by 
means of a baseboard or other means. That has brought to my mind an ex- 
perience that I had a number of years ago. I was called on a large building 
that was some 25 or 30 years old. The heating plant was in pretty fair con- 
dition but was not giving satisfactory service. The windows were in bad 
shape, as far as the window construction itself was concerned; but the biggest 
thing that I did to help out the condition in that building was to put a half 
a bale of cotton in the joints between the wood frames and the brick due to 
the shrinkage of the wood frames in that time. So that very frequently in the 
field conditions you will find a condition that may not have existed when the 
building was erected, and the importance of it, I think, is pointed out very 
clearly by Professor Larson’s mention of those two things. 

H. M. Nosts: Professor Larson ought to be congratulated on the common 
sense manner in which he handled a practical subject. I would like to know 
if it would be possible to ascertain at some time if the wall, after it is plastered, 
be covered with tinfoil. 


C. C. HartpeNce: Some years ago while building some gas purifying 
boxes, I decided to build them of brick and I used two coats of neat cement 
wash on the faces of the 8-in. brick walls. I used cement mortar, two parts 
of sand and one part of cement, but was very careful to see that the joints 
were entirely filled. There was no odor of gas in the room and apparently 
no leakage of gas through the walls of the purifying boxes, though they were 
under several inches of water pressure. The gas had been cleaned of water 
and oil mist, but had high relative humidity. 


W. C. RaANnpDALL: The point brought out by Mr. Larson that the amount of 
air coming through the brick wall, particularly if plastered, is negligible, is 
slightly beside the point in a lot of buildings which are being built today of 
walls less than 12-in. thick, of a type of workmanship that I think is poorer 
than the type of workmanship which Professor Larson calls poor workman- 
ship. It is particularly apparent not in the leakage. of air but in the leakage 
of water directly through the face of the building, especially in the multi-story 
type of buildings. In some of the taller buildings in New York, I find a 
tendency to go to thinner walls than the 8-in. brick wall, practically only 
some form of a filler to get an appearance on the outside of the brick. I hope 
that while Professor Larson has indicated that his tests are about through the 
discussion that has been made today will stimulate further work along this 
line. 


J. D. CasseL_: In that respect, might I suggest that if you conduct these 
tests any further you will include wall plastering on the inside, probably 
waterproofed, and then plastered directly against the brick; not furred. There 
is a very considerable amount of that character of construction being done, 
and when the workmanship is poor, as I have had occasion to see in our 
own work, there will be spots of dampness on a panel, dotted all over, where 
the moisture drives directly through. A test of that kind would be very 
beneficial along the line that has been explained here today. 


J. E. Emswiter: I want to congratulate Professor Larson on this very fine 
piece of work, together with his associates. I know that the paper must rep- 
resent an enormous amount of tedious experimental work behind it. 
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S. R. Lewis: Do not forget the chimney in the outside wall. I was called 
in on a tall, cooperative apartment building in which they built their fireplace 
flues into the masonry of the outside wali. The fireplaces served by these 
chimneys consistently had a backdraft whenever they happened to be on the 
windward side. The owner installed the biggest fans he could get, with the 
biggest motors he could put on, up in the attic but could not overcome the 
trouble. The next apartment like this that I built, I had them build the out- 
side wall; then do things to that outside wall that were paramount to putting 


-plaster on; and then build the chimney inside the wall. We had no trouble 


due to unauthorized chimney leakage on the windward side when we did this. 


G. L. Larson: I do not know whether I got all these points. Mr. 
Evans asked some direct questions that I cannot answer. He asked whether 
the walls were weighed before and after testing. I will say that we did not 
weigh the walls. The walls were allowed to stand for five months before the 
tests were made and then check tests were run again two months after the 
first tests and the difference between the check tests and the previous ones, 
with an interval of two months between, showed no direct correlation of 
changes one way or the other. In some cases the leakage was more and in 
some cases the leakage was less. So we couldn’t find any direct correlation 
there. Apparently, all the drying out had taken place before the tests were 
made. 


We took records, of course, of the wet- and dry-bulb temperatures during 
all of the tests, but made no attempt whatever to keep these at any constant 
quantity. They averaged up and down day after day. So we have no rela- 
tion there. In fact, we could find no relation between the results and the 
wet- and dry-bulb temperatures that we got during these particular tests. I 
believe that if the walls were maintained under a certain condition of humidity 
for certain periods of time we probably would find some difference, but these 
walls stand there and take the changes as they come and that may vary a 
great deal over a period of two months. 


Mr. Evans: You would then expect more leakage? 


Proressor Larson: Well, I can not say what might happen. Of course, 
there is one test that we have not been able to perform yet and that is to 
expose one side of these walls to the outside weather conditions and then 
test them after a few months of that kind of exposure. We may get into 
that later but that is not on our program at the present time because we are 
not equipped to do it. 


There was another question on higher wind pressure tests, etc. We have 
not planned on going to higher wind velocities. In fact the last time we re- 
ported on this work, it was suggested we keep down to about 25 mph because 
it was felt that it was not necessary to go beyond that. 


Mr. Evans: That has to do with pent house work? 


Proressor Larson: Yes. I will take it up with our committee and we 
will be very glad to go to higher wind pressures, if there is a definite request 
for that. I can see it is of great importance in the work you have mentioned. 
I also think we can follow out your other suggestion, Mr. Evans, of trying 
different methods of painting the wall. What we did was just to take an 
ordinary paint and paint the wall as is done in common practice. 
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Mr. NicnHo.ts: One coat? 

Proressor Larson: We tried three coats. A great deal may be brought 
to light as to how walls should bé painted by trying other methods and 
cleaning out the paint, as you have suggested. We will be very glad to 
consider that question also. 


The other suggestion about waterproofing the wall by Mr. ‘Cassell—I 
think that is a good suggestion and we are very glad to get it. We. want 
to get any suggestions that will be of any value in bringing out important 
points in the construction of buildings. 
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The results of cooperative research work between the University of Minnesota 
and the American Society or HEATING AND VENTILATING ENGINEERS 


HIS paper, which relates to the effect of air velocities on surface co- 
efficients, is the result of a part of the co-operative research work be- 
tween the AMERICAN Society OF HEATING AND VENTILATING ENGI- 
NEERS and the University of Minnesota. The problem of experimentally 
détermining these coefficients is one which requires the control of several 
variables, and, also, one which is difficult of exact solution. 


\The surface coefficient of heat transmission (f) is defined as the number 
of British thermal units which will flow between one square foot of the surface 
of the material and the surrounding air per hour per degree difference in 
temperature between the surface and the air. \ This definition is direct, but 
before the coefficients can be determined experimentally there are some of the 
factors which must be more definitely defined. First, the surface temperature, 
which is a rather definite quantity, is difficult to determine experimentally, due 
to the effects of other temperatures. If, for instance, the thermocouples are 
embedded in the surface, there is the danger that the temperatures recorded 
will be that of the material below the surface and not of the surface proper. 
This may be an appreciable factor in materials of low conductivity. If the 
thermocouples are placed directly on the surface, there is the danger that they 
will be affected by the air temperature, which may also lead to an appreciable 
error. After some experimental work, the method selected was to place the 
thermocouples on the surface of the material and cover them with a thin vellum 
paper. 

The second question which arises in determining the surface coefficient is that 
of where to take the air temperatures. These temperatures vary with the dis- 
tance from the surface, and some standard distance must be selected. As will be 

* Additional data on this subject will be found in the paper Surface Conductances As 
Affected by Air Velocity, Temperature and Character of Surface, by F. B. Rowley, A. B. Algren 
and J. L. Blackshaw, p. 429. 
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discussed later, temperatures were taken for different air velocities at distances 
{rom the surface varying from 0.05 in. up to 4 in. It was found that from 0.5 
in. out these temperatures were substantially constant. Therefore, 1.0 in. was 
selected as the normal distance from the surface for which calculations of 
surface coefficients were made. 


A third point which must be considered is that of air velocities. When we 
consider the effect of wind on the surface of a material, the question arises 





Fic. 1. Surrace CoeFFiclient Test APPARATUS AS First Set-Up 


as to what angle this wind strikes the surface. It may be parallel to the sur- 
face or at any angle up to 90 deg. In any event, it is a question as to how 
and where to measure the velocity of the air. While this velocity will vary 
with the distance from the surface, it will also depend upon the direction of the 
wind. In order to standardize on some practical condition, the velocities were 
produced parallel to the test surface and measured in this line. 


After the test conditions were selected, an apparatus was built up as shown 
in the photograph of Fig 1 and in the line drawings of Figs. 2 and 3. Fig. 1 
shows the apparatus as first set up at the side of the hot box test apparatus. 
In this case, air at room temperature was used, but it was found impossible 
to get sufficient variations in mean temperatures between the test surface and 
the air. For this reason, the apparatus was re-set as shown in Fig. 2, The 
fan was placed in the cold storage room and the air from the test apparatus 
was brought back to the room through a return bend. Thus the air temperature 
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could be controlled for any range, and with reasonable insulation on the pipes 
there was very little heat loss. With the exception of air temperature control, 
the two set-ups as shown in Figs. 1 and 2 were substantially the same. 
Referring to Figs 1 and 2, the air velocity was furnished by a fan driven by 
a direct connected 220-volt, variable speed, direct current motor. The air 
from the fan was delivered to a 6 in. x 12-in. rectangular duct and passed for 
a distance of 17 ft, at which point a 12 in. x 12 in. opening was provided in 
the side of the duct for the insertion of the test specimen. From this point, 
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Fic. 2. PLan aANp ELEVATION oF TEST APPARATUS FOR DETERMINING SURFACE 
CoEFFICIENTS WHEN AIR FROM REFRIGERATOR Room Was USED 


the air passed thtough a short length of straight pipe, from which it was de- 
livered to the open room for the set-up of Fig. 1 and from which it was re- 
turned to refrigerator room for the set-up of Fig. 2. The object in either set-up 
was to provide air at specific temperatures and velocities passing over a 
test surface which was inserted into the open side of the air duct flush with 
the inside surface. 

The arrangement of the test section proper can be best explained by referring 
to Fig. 3. The test surfaces used were made up of materials 12 in. square 
and placed in contact with a meter plate which was substantially the same as 
the Nicholls’ heat meter. The meter with the test material in contact was 
placed in the opening provided in the side of the air duct in such a manner 
as to bring the test surface of the material just flush with the inside surface 
of the duct. Thus the air was passed over the test surface in a line parallel 
to the surface. ) 


The velocity of the air was measured by a pitot tube, which was so arranged 
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that the velocity could be determined at any distance from the test surface. 
For low velocities, the Wahlen gage was used, and for the high velocities about 
800 fpm an ordinary inclined Ellison draft gage was used. The air tempera- 
tures were measured by a fine copper constantan thermocouple, ‘which was 
arranged to be set at variable distances from the test surface. These temper- 
atures were measured by the use of a potentiometer. 


With this apparatus it was possible to get different air temperatures and 
velocities over the test surface and also to control the temperature of the 
surface. 


The length of straight duct preceding the test surface was sufficient to reduce 





Fic. 3. PLAN ViEW SHOWING ARRANGEMENT OF METER 
PLate, Test SPECIMEN, THERMOCOUPLE AND Pitot TuBE 
IN RELATION To Arr Duct 


the turbulence from the fan and to give a reasonably straight line flow over 
the test surface. 


In making the tests, the desired conditions, such as surface temperature, air 
temperature, and air velocity were first selected and the apparatus was adjusted 
to give these conditions. It was then allowed to operate for a sufficient length 
of time to get uniform test conditions and readings were taken for the run. 
After the temperature drop across the heat meter had been measured, with 
the aid of the calibration curve for the meter, the amount of heat passing from 
the test surface could be directly obtained. The surface temperatures were 
also taken with copper constantan thermocouples and the potentiometer. 

The mean temperature was calculated between the air and surface temper- 
atures.( The surface conductance was calculated by dividing the number of 
heat units passing from each square foot of the test surface per hour by the 
temperature difference between the surface and the air. 
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There is no specific distance from the test surface at which air temperatures 
and velocities should be measured. A distance should, however, be selected at 
which representative results will be obtained under various conditions of wind 
velocities and mean temperature. In order ‘to determine this distance, many 
tests were run, using different surface temperatures, air temperatures, and 
air velocities. In each case, the temperatures were measured at distances from 
the surface, varying from 0.05 in. to 4 in., and the air velocities were measured 
at distances varying from 0.125 in. to 5 in. from the test surface. The results 
for a part of these tests are shown in Figs. 4 and 5. Fig. 4 shows the surface 
coefficient for a pine surface at zero air velocity and at a mean temperature 
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of 65 F. Fig. 5 shows the surface coefficient for the same surface at air 
velocities varying from zero to 35 mph and mean temperatures of 65 F. In 
both cases, air temperatures were taken at distances up to 4 in. from the test 
surface. For tests with moving air, the center of the duct was selected as the 
proper point for velocity measurements. 

An analysis of these curves shows that at a distance of 0.5 in. from the 
surface, the surface coefficients have reached a constant value. One inch was 
therefore selected as a reasonable distance at which surface temperatures 
should be taken for further tests. Fig. 6 shows similar coefficients as deter- 
mined by the hot box apparatus, with an air velocity of 0.6 mph. With this 
apparatus, it will be noted that uniform conditions were not reached until 
about 1% in. distant from the wall. This difference may be accounted for 
partially by the unobstructed space in front of the test section. For the hot box 
apparatus, the nearest obstruction surrounding the test surface was about 10 ft. 
away, while for the present test apparatus it was only 6 in. away. A further 
point to be observed in both Figs. 4 and 6 is that as the distance is increased 
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the coefficient gradually increases. This apparent increase in the coefficient 
may have been caused by convected air currents acting on the thermocouple. 
With the test apparatus as described, surface coefficients were obtained for 
two surfaces: first, a plaster surface in which the thermocouple was embedded 
flush with the surface; and second, a pine surface. The pine surface was 
tested both with a thermocouple embedded and also with a couple placed on 
the surface and covered with vellum paper. For these surfaces, the effects of 
wind velocities and mean temperatures were determined. Fig. 7 shows the 
results which were obtained with the set-up as shown in Fig. 1 and with a 
plaster test surface having a couple embedded flush with the surface. In this 
set-up it was difficult to maintain accurately any given mean temperature. 
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Therefore, the mean temperatures for this set of tests varied from 70 F by plus 
or minus 10 deg. The points, however, are sufficiently close to establish a 
straight line relation between air velocity and surface conductance. Fig. 8 
shows the results as obtained for a pine test surface with a thermocouple em- 
bedded and tested with the same apparatus and at the same maintained mean 
temperature as for Fig. 7. From the curves of Figs. 7 and 8, it is apparent 
that there is but very little difference between plaster and pine surfaces, al- 
though this cannot be taken as final on account of the variation between the 
mean temperatures. As previously stated, the lack of definite temperature con- 
trol in the first set-up led to a second arrangement by which air was supplied 
from a refrigerator room. The air from this room was controlled thermo- 
statically to plus or minus 1 F. With this apparatus, tests were made with 
a thermocouple attached to a pine surface and covered with thin vellum paper. 
For this test the surface and air temperatures were controlled so as to main- 
tain a constant mean temperature between the air and surface of 65 F, 
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The surface coefficients for this test are shown by the upper curve of Fig. 9. 
The lower curve is a duplicate of Fig. 8, and, while the average mean tem- 
perature for this curve is about 5 deg higher than for the upper curve, it shows 
a rather definite difference between the coefficients as obtained with thermo- 
couples fastened on with vellum paper and those embedded in the material 
flush with the surface. ' 
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With the work thus far finished, there seems to be but very little difference 
between the coefficients obtained for the different types of surfaces. The ef- 
fects of color of surrounding surfaces have been tried to some extent. Black, 
gray, and galvanized iron all gave the same results; therefore, a dull gray 
was chosen for the metal surfaces surrounding the test surfaces. 

While the test apparatus as set up gave very uniform results, it was felt 
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that the meter could be improved. This is, therefore, being rebuilt and the 
series of tests will be continued to cover other types of surfaces and a wider 
range of mean temperatures and air velocities. From tests completed, there 
appears to be some increase in the coefficient with an increase in mean tem- 
peratures. This difference is, however, small, and the amount has not been 
definitely determined for all ranges of temperatures; it will therefore be re- 
ported later. 


/~ For air velocities ranging from 0 to 35 mph, the coefficients have followed 
| a straight line relation. This line has been steeper for cases in which the 


couple has been attached to the surface than when it has been embedded. This 
difference has been due to the fact that the recorded surface temperatures were 
more nearly equal to the air temperatures when the couples were placed on the 
surface; therefore, the apparent surface coefficient was higher. 

For practical calculations, the upper curve of Fig. 9 may reasonably be 
used. It will be noted that this crosses the zero air velocity line at a surface 
constant of 1.34 which agrees with that obtained by Willard and Lichty at the 
University of Illinois some years ago, and now used in THe Guipe. The co- 
efficient at 15 miles is, however, somewhat higher. 


DISCUSSION 


R. M. Conner (WrittrEN): What effect does the sheet of vellum paper have 
on the surface temperature measurements? If this strip of paper is placed 
over the thermocouples, would it not have some effect on the measured tem- 
peratures of the surfaces? 


If the authors are contemplating making a change in the method of measuring 
the air passed over the test sample, I would suggest that they investigate 
the use of a Thomas meter for such measurement. 

When large quantities of air are passed over the test sample, is there suf- 
ficient heat supplied to that sample to maintain a uniform temperature on the 
hot side of the test piece? 

The statement is made on page 130 of the article that there seems to be 
but very little difference between the coefficient obtained between the different 
types of surfaces. This statement seems to be in disagreement with the work 
which has been done at the University of Illinois, and possibly other work 
on this subject. The coefficients which we have been using in our test work 
in connection with warm air furnaces have been taken from the bulletins of 
the Engineering Experiment Station of the University of Illinoi$. These con- 
stants vary considerably for the different types of materials tested. 

Perry West (WRITTEN): It is distinctly understood, I believe, that the 
data contained in this paper are not supposed to be complete or conclusive. 
The presentation of the problems involved and some of the indications aré 
very interesting, however, and should be thoroughly discussed here with the 
full realization that the proper determination of surface coefficients and their 
application to heat losses is the most important heat loss problem yet to be 
solved. 

The effect of surface coefficients, now in use, varies from about 25 per cent 
for the average building wall to about 90 per cent for thin metal walls or 
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glass, so it can be seen that the surface coefficient may be quite an important 
factor in the total trasmission coefficient. 


The transmission data in THe Guipe 1930 are based on an average still 
air coefficient of 1.34 for all kinds of building walls and 1.60 for glass with a 
multiplying factor of 3.0 for walls and 2.40 for glass for a 15-mph wind 
movement. The still air coefficient of 1.34, for walls, is taken from the average 
of the coefficients for nine kinds of material, whose surface coefficients range 
from 0.93 for finished cement plaster to 1.5 for glass. 


Taking the highest and lowest of these as the basis for both the inside and 
outside surface coefficients the variation for the average building wall with 
still air on the inside and a 15-mph wind on the outside would be 14 per 
cent, using a multiplying factor of 3.0 for converting the still air coefficients 
to the 15-mph condition. This factor of 3.0 for converting still air factors 
to the 15-mph condition is assumed as a fair mean between 3.76 for brick, 
2.96 for wood and 2.40 for glass. 

If the lowest surface coefficient of 0.93 for cement plaster is assumed to 
have an air movement conversion factor of 2.40 (same as glass) and the 
same conversion factor is used on the highest surface coefficient of 1.50 for 
glass the variation would be about 15 per cent. These extreme variations 
would show a difference, of course, of from 7 to 7% per cent from the averages 
being used. 


It may be noted, by reference to the detailed data in THe GuipE and also 
by reference to tests by Harding & Willard at the University of Illinois and 
to tests by the late Prof. A. J. Wood at the University of Pennsylvania, that the 
character of the surface, as to its smoothness or roughness, has more to do with 
surface coefficients than does the interior nature of the material itself. This is no 
doubt due to the fact that a rough surface retards the natural convection currents 
more than a smooth surface, which means that the still air surface coefficient 
is lower for rough surfaces than for smooth surfaces due to the fact that the 
surrounding blanket of air is not changed so rapidly. As wind velocities in- 
crease, however, the effect of surface conditions are reduced so that while the 
still air coefficients are lower the conversion factors are also less, since wind 
velocities change this blanket just as natural convection currents change it, 
with a rough surface as compared with a smooth cne. These facts are borne 
out throughout some of the factors now in general use while for others they 
are the reverse. For example, the still air coefficient for brick work is 1.40 
while its conversion factor for a 15-mile wind is 3.76. The same data for 
glass are 1.60 and 2.40, for wood 1.40 and 2.95 but for hard finish cement 
plaster which should be more like finished wood or glass they are 0.93 and 2.50. 

Comparing some of the data indicated in this paper with corresponding 
data now in general use, the following is noted: 


The still air coefficient indicated for plaster of 1.4 is considerably higher than 
the coefficient of 0.93 for finished cement plaster taken from Harding and 
Willard’s tests and used in THe Guipe. It is also higher than the average 
coefficient of 1.34. The still air coefficient indicated for finished wood of 1.6 
is also higher than the coefficient of 1.4 also taken from Harding and Willard 
and used in Tue Gurpe. It will also be found that the coefficients indicated 
for wind movements are higher generally than those arrived at by using THE 
Guipe data. 
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The factors indicated for wood with a 20-mile wind are from 6.0 to 7.3 
whereas Tue Guipe data gives 4.23. 


I should like to raise the question as to whether some part of these dis- 
crepancies may not have been due to the use of such a small sample of the 
material being tested, without any guard around the edges, so that a part of 
the heat transmitted through the meter is not transmitted through to the faces 
of the sample but out diagonally around the edges, thus showing an undue 
amount of heat transmitted? Also in the case of wind velocities the measure- 
ment of this velocity being at a point 3 in. from the surface may have been 
closer than the corresponding points at which velocities in former tests were 
measured. The closer to the sample the velocity is measured the higher the 
transmission coefficient for any particular velocity should be, as the air move- 
ment is naturally decreased as the surface is approached. It is also noted 
that air currents were employed and measured in a plane parallel to the surface 
of the test surface. This is in accordance with former tests but raises the 
question as to how surface coefficients should be used with reference to the 
exposed surfaces of a building and their positions relative to the direction of 
prevailing winds. In the case of a square building with one of its sides 
perpendicular to the direction of prevailing winds, we should have this one 
side exposed to a wind current at a right angle to it, the two adjacent sides 
with the wind currents parallel to them and the fourth side in the lea. If this 
building should be located with one of its corners facing the wind we should 
have the two adjacent sides exposed to the wind currents at an angle of 45 deg 
and the other two sides in the lea. In the case where one side is exposed 
perpendicular to the wind the two adjacent sides would not be exposed to 
the full velocities of the wind for some distance back from this wall, since 
the splash of the current at the corners would form pockets, depending upon 
the velocity. The higher the velocity the greater the unexposed area, up to 
such a velocity than none of the area of these two sides would be exposed to the 
wind movement. I think it would be of the utmost importance to know more 
of these effects of the angularity of the wind as compared with the plane of 
the surface exposed and as to the effect of splash at the corners. 


I would suggest in this connection that a miniature building or box of the 
material to be tested, in the form more or less of a hot box, with meter plates 
on the inside against three walls and arranged in, or at the outlet, of a duct 
so that it could be oriented in reference to the wind directions, might be a 
good way to test these effects. Recirculation of the air might be arranged 
for by having an enclosing chamber into which the air is delivered and out 
of which it is returned to the refrigerator. 


This subject brings up again the plan by which exposure factors are worked 
out by the Heating and Piping Contractors National Association, i.e., to allow 
one degree of temperature difference for each mile of wind velocity and to 
apply this to the exposure nearest perpendicular to the direction of prevailing 
winds and to the two adjacent one eighth points of the compass as well. 

From the indication of this paper to the effect that the increments in surface 
coefficients, due to wind velocity, are a straight line function of this velocity, 
there is some ground for a direct ratio between miles-per-hour of wind and 
a temperature difference allowance for same, for glass and thin metal, where 
practically the entire coefficients are composed of surface effects, provided the 
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wind velocity maintained on both sides of the surface is within narrow 
limits. Otherwise, one soon approaches such an absurd condition as is arrived 
at by allowing one degree per mile for a 70-mile wind with an outside tem- 
perature of 70 F which would ‘indicate the same condition as to heat require- 
ments as would be required with zero outside and no wind. The application 
of such a temperature difference for wind velocity for exposures of any ap- 
plicable heat transfer resistance, outside of suriace coefficients, is, of course, 
entirely illogical and unscientific. 

I believe that this paper has opened up a great many points of this very 
interesting subject and that it is one of the greatest importance to be followed 
up to a final conclusion. Surface coefficients for confined spaces such as for 
air spaces of various characters in composite walls should be studied. Also 
for the effect that building paper and other membraneous materials have upon 
the application of surface coefficients both as to their multiplying these sur- 
faces and as to their effect upon the prevention of circulatory air currents 
which affect the other surface coefficients involved. 


F. B. Rowtey: I do not think that I need to spend very much time in going 
over the problem of heat transmission. We have reviewed it many times, and 
I think all of us are familiar with the general aspects of the problem. What 
we want is to find some reliable method of determining overall coefficients. 
In general, we are interested in determining heat losses from built-up struc- 
tures. We know that we can determine the overail coefficients by test methods 
if we are willing to go to the expense of building up the walls and making 
the tests, but in practice we would rather determine the coefficients by cal- 
culation and not take the time and expense necessary for testing the different 
combinations of materials. We also know that the theoretical method of de- 
termining the overall coefficients by calculation is correct, providing we have 
the proper coefficients and constants to use in the formulae which have been 
developed. 


In previous investigations, overall coefficients of walls have been determined 
and checked in many ways. Coefficients for the conductivities of solid homo- 
geneous materials have been obtained and it is felt now by the various ex- 
perimenters that methods are available by which you can get these coefficients 
reasonably accurate. It was found that some of the coefficients for air spaces 
which we were using in the past were not exactly correct. More accurate 
values have been obtained for some of these and the next problem is that of 
surface coefficients. 

In general, there are three resistances to the heat flow through an ordinary 
wall. First, the surface resistance; second, the resistance of the homogeneous 
materials in the wall; and third, the resistance of the various air spaces. This 
particular part of the investigation relates to the surface coefficients. The 
work on this problem isn’t finished. It is a progress report on a part of the 
Society’s cooperative research program, presented for discussion and criticism. 

Apert BueNcer: Do I understand from Professor Rowley that he has 
practically substantiated the data given in Tue Guipe at this time that at a 
15-mile wind velocity the surface coefficient is about three times what it is 
with still air? 

Proressor Rowtey: It is substantially so. It seems a little bit higher. The 
slope of these lines appears to be a little greater than those used in THE 
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Guive. However, figures in THe Guipe are certainly safe at present until 
some more accurate data can be obtained. I think the coefficients for wind 
velocity are going to show up a little higher for the high velocity than at 
present used. 


Joseru. Porzett: Do we understand that the surface coefficients published 
in THe Guipe are under some criticism and that the tests under way are 
endeavoring to determine what coefficients shall be used in the future for 
publication? Some engineers use surface coefficients slightly higher than 
published by Tue Gutpe and surface resistance normally considered as 0.5. I 
believe you will find that THe GurpE represents a figure approximately 40 per 
cent higher for surface resistance than that commonly used of 0.5. 


Another question I should like to ask is, is it not found that oftentimes 
the laboratory test does not give the accurate result due to very small equip- 
ments, such as shown on the screen, due to limited funds? Often a small 
testing apparatus is used instead of a larger piece of equipment, which would 
represent more nearly the exact conditions. 


L. A. Harpinc: I think I can answer in a general way your last statement. 
The agitation over surface coefficients for testing to determine surface co- 
efficients originated through Professor Willard and myself. We conducted 
quite a number of tests to determine surface coefficients back in 1915, at the 
University of Illinois. Our test boxes were not small but were approximately 
9 ft in height varying from 3 ft square to 4 ft square. We determined surface co- 
efficients for various air velocities by employing the average velocity of the 
air through a space 4 in. wide. 


Mr. Porzett: Surface resistance. 


Mr. Harpinc: The factor that we are talking about in this discussion I 
assume is a factor, so-called, of a combination of the surface resistance and 
radiation and convection. That is what Professor Rowley is talking about 
and I believe most every one is using a factor somewhere in the neighborhood, 
for still air, of 1.3. The point, however, is this: at what point are you going 
to measure this velocity? We should have a standard. It is quite evident 
that you will obtain a different air velocity at various distances from the 
surface. One laboratory may measure the velocity half an inch away from 
the surface and some other laboratory may report coefficients based on veloc- 
ity measurements taken at some other distance so that the two results are not 
comparable. 


E. R. Queer: I would like to call attention to the fact that the coefficient 
that these men have obtained at zero air velocity is about 8 or 9 per cent 
higher than that given by Willard and Lichty. This is only a small matter, 
but nevertheless is something to be taken into consideration. 


O. W. Wa ter: The figures for still and moving air surface conductances 
which have been used in Tue GutpeE in calculating heat transmission con- 
stants for walls and ceilings have been checked by a number of investigators 
who have obtained substantially the same results where the conditions for 
the tests have been similar. What is really needed now is more corollary 
information to establish the velocities which should be used for inside and 
outside air surfaces in calculating heat losses for the actual installation. The 
velocities for outside surfaces on cold days may need to be higher than 15 mph 
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in the locality considered; and the air velocity over the inside surface may be 
considerably higher than zero for average conditions. 

Until the present time it has been impossible to get accurate heat loss data 
from buildings in actual use without the installation of very elaborate test 
facilities. For this reason very few field tests of this kind have been made. 
Fortunately, the advent of electric heating opens up new possibilities of ob- 
taining field data on the heat loss from buildings. The heat delivered by 
an electrical heating system is easily measured monthly or daily by an electric 
watthour meter, and hourly rates can be obtained by a comparatively low 
cost graphic demand meter. A Philadelphia concern is assembling data of 
this character on about 50 installations at this time, and preliminary analyses 
have already indicated some very interesting results. 

Many of the insulated walls used in buildings, where electric heat has been 
installed, have not been given in THe Gurine, and it has, therefore, been 
necessary to calculate the heat transmission constants. In place of the con- 
ventional 1.34 and 4.03 used by THe Gurmne, conductances of 2 and 5, re- 
spectively, have been used for inside and outside surface conductances. It 
is believed that these latter figures have been justified by the data which have 
been taken in the field. 

In one particular house six layers of insulation board with air spaces be- 
tween were used for the walls. The heat losses were not as low as expected. 
The error in calculation is laid to improper evaluation of the air surface re- 
sistances. Even though precaution was taken in installation, it is realized that 
a chimney effect may have caused air velocities that were not expected in the 
air spaces. However, it is felt that still air spaces are quite often assumed 
where they do not exist in actual installations. 

A. P. Kratz: To answer the gentleman’s question on whether we have 
still air or not, the term, still air has always been more or less misconstrued 
in connection with the still air coefficients. As a matter of fact, none of 
them have been still air coefficients; they have been for natural convection. 


A year or so ago R. H. Heilman presented a paper to the A. S. M. E. in 
which he calculated built-up equations that separated the effect of radiation 
and convection under conditions of natural convection. I made some cal- 
culations and applied his equations and obtained a very good check for 
the still air coefficient with the values that we have been using, which are 
approximately the same as Professor Rowley gives. 

Proressor Row.ey: There is just one thing I would like to say in closing. 
Somebody has asked whether or not these tests were started with the idea 
that THe Guipe was not correct. They were not, and they are proving that 
Tue Gutpe is substantially correct, although not, perhaps, as complete as it 
might 5e. Mr. Harding did not tell the whole story. He has designed an 
apparatus which is in use at the Pittsburgh Laboratory, in which it will be 
possible to separate the heat transmitted by convection and by radiation. This 
will bring the coefficients down to a greater refinement. This is perhaps not 
necessary from a practical point of view, but it is necessary for the purpose 
of making an analysis and will undoubtedly find practical application. 





Wiins 








e2e aaa 


No. 853 
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By F. C. HouGHTen’* and Cart GUTBERLET*, PitrspuRGH, PA. 
MEMBERS 


importance to the heating and air conditioning engineer. Increase in the. 


A BSORPTION of solar radiation by buildings is daily becoming of greater 


application of cooling to buildings in summer is an important factor 
in this growth of interest. The application of more scientific methods ‘and 
closer calculation to the estimation of the heating requirements of buildings is 


also, however, an important factor in the growing interest in this question. . 


With more scientific air conditioning, the relative effect of heat from the sun 
on heating requirements and proper temperature distribution indoors becomes 
more noticeable. 

The rate of transmission of energy through space from the sun, fike the true 
temperature of the sun, was long a question of controversy among astronomers 
and physicists. In recent years, however, a close agreement has been reached 
on both of these values. 

According to Bigelow,’ the radiating isothermal layer or the photosphere 
of the sun has a temperature of 7,655 C, and emits black body radiation. The 
radiation leaving this layer would give 5.58 calories per minute per square 
meter (1295 Btu per square foot per hour) of surface normal to the direction 
of radiation figured at sea level of the earth. Due to absorption of a part 
of this energy, while passing through the sun’s photosphere, the total radiation 
of 5.58 calories per square meter per minute figured at sea level is reduced 
to 3.98 calories figured the same way. Of the 3.98 calories per square meter 
per minute (880 Btu per square foot per hour) effective at sea level which 
are received by the extreme outer region of the earth’s atmosphere, 2.03 
calories are absorbed in passing through to the earth, and*only 1.50 calories 
per square meter per minute (332 Btu per square foot per hour) are actually 
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Pittsburgh, Pa. 
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received at sea level on a clear day. Smoke, haze, fog, and cloudy weather 
tend to reduce this figure. Determination of the intensity of the sun’s radia- 
tion at different altitudes gives a total radiation of 2.138 calories per square 
meter per minute (471 Btu per square foot per hour), at the top of Mt. 
Whitney, 4420 meters (14,501 ft) above sea level; 1.771 calories (394 Btu), at 
the top of Mt. Wilson, 1780 meters (5839 ft) above sea level; 1.529 calories 
(338 Btu), at Washington, 34 meters (111 ft) above sea level; and 1.525 
calories (337 Btu) at sea level. Although the tota! rate of heat transmission 
through our atmosphere as given above is accurately known, these data are 
of little or no value in determining the rate of heat absorption by buildings. 


In order to establish data on this subject, the Research Laboratory recently 
made a study‘ of the heat passing through certain types of roof construction 
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Fic. 1. DistrisuTion oF ENERGY OF SUN’S 
RADIATION Upon STRIKING A SuRFACE XY 


A—Tot@l Radiation. B—Reflected Radiation. C—Total Absorption by Surface. D— 
Re-radiation from the Surface. E—Convection Loss from the Surface. F—Resulting 
Heat Storage in Wall or Made Available for Transmission from Opposite Side. 


and the temperature attained by the roof on hot summer days. These ob- 
servations were made incidental to a general laboratory study of heat trans- 
mission through building construction, and no attempt was made to control 
any of the factors governing the heat transfer. As the sun’s radiation falling 
upon the roof increased in intensity throughout the day, the temperature of 
the roof rose to a maximum and then receded. In some cases, a high tempera- 
ture of 140 F was reached. As a result of this study, data were not made 
available on the rate of heat absorption by a surface for any given temperature 
conditions. 

For a complete understanding of the subject of heat absorption by walls, 
data should be available giving the rate of absorption by a number of different 
surfaces for various temperatures of the surface and the air in contact with 
it. Fig. 1 shows, diagrammatically, what happens when the sun’s rays im- 
pinge upon the roof or wall surface XY. A tepresents the total radiant 
energy impinging against the surface. 


Of this total, a portion B does not enter the surface at all, but is reflected 


‘ Heat Transfer Through a Roof Under Summer Conditions—F. C. Houghten and C. G. F. 
Zobel, Transactions 1928, American Society or HEATING AND VENTILATING ENGINEERS. 
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away from the structure and need not be considered further. The amount 
of such reflection depends upon the angle @, the polish of the surface, and the 
material of which it is made. In general, metallic surfaces reflect a large 
portion of the energy rays while such materials as are usually used in build- 
ing construction, including all but metallic paints, are assumed to reflect a 
comparatively small portion of the total radiant energy. 


The part of the total radiation A which is not reflected away from the 
surface may be represented by C. Upon entering the surface the energy 
changes from radiant energy such as light to heat, and is manifest by a 
rise in temperature of the material. Due to the rise in temperature of the 
structure as a result of absorption of the energy C, the roof surface XY be- 
comes an independent radiator sending radiant energy represented by D, 
back into space—D depending upon the character of the surface XY and the 
fourth power of its absolute temperature. Another portion, E, of the heat is 
lost from the surface XY by convection currents of air. E depends upon the 
temperature of the air and the surface XY, and the velocity of air currents 
over the surface. The remaining portion of the energy now in the form of 
heat remains in the structure raising its temperature or is carried away from 
the opposite surface. It may be represented by F. 


When we consider all the above phenomena taking place at the same time 
with different degrees of intensity it is seen that the problem is complicated, 
and that perhaps the best fundamental data available would be the heat F 
not given back to space or the air on the side of the wall from which the 
radiation comes. This depends upon the intensity of the original radiation A, 
the reflected portion B, which depends upon the angle @ and the reflecting 
properties of the surface, the independent radiation from the surface, which. 
depends upon the emissivity of the surface and fourth power of the absolute 
temperature of the surface, the convection loss E, which depends upon air 
velocity over the surface XY and the temperatures of the surface and air. Of 
these factors the temperature of the surface XY and the temperature of the 
air in contact with it, are perhaps the most important variables, and the data 
obtained in this investigation were collected with a view of establishing the 
relationship between F and these temperatures for various types of surfaces. 
Data are also given on the relation of energy absorption to the angle @ be- 
tween the direction of the radiation and the plane of the surface, and on the 
effect of an intervening sheet of glass between the surface and the sun. 


Fig. 2 is a drawing, and Fig. 3 a photograph of the apparatus used for 
collecting the data. The apparatus consisted essentially of a two-foot square 
surface D, made by waxing black oilcloth to a %e in. thick Nicholls heat 
meter E, which in turn was waxed to the copper water cooler F. The op- 
posite side of the cooler was insulated by 1 in. of hair felt and 2 in. of cork 
board. This arrangement made a wall unit 2 ft square by about 5 in. thick 
which was supported by horizontal and vertical pivots, so that the plane sur- 
face studied could be placed at any angle with the direction of the sun’s 
radiation. A skeleton framework was arranged so that a 3-ft square plate 
of double strength window glass, % in. thick, could be placed symmetrically 
between the surface and the sun and 6 in. from the surface. The same skeleton 
trame work held a paper shield designed to protect the surface studied from 
wind but not to interfere any more than necessary with natural convection 
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currents. This paper shield in no way shaded the surface studied from the 
sun’s rays. 

In order to keep (throughout the test) the desired angle between the plane 
of the surface studied and the direction of the sun, a piece of 4-in. pipe, 14 
in. long was fastened to the wall edge so that its angle with the surface could 
be set at any desired value; thus when the sun shone straight through this 
pipe on to a screen below, the surface was in the proper position. 


The tests were made on a flat roof of a garage building of the U. S. Bureau 





Fic. 3. Set-Up ror MEASURING RATE OF HEAT ABSORPTION 
FROM THE SuN. LETTERS ARE THE SAME AS THE REFERENCES 
on Fic. 2 


of Mines, Pittsburgh Station. This location gave a clear view of the sun 
from 7:30 a.m. until 6:30 p.m. An insulated and water-proof cable carried © 
the leads from the surface and air thermocouples, and from the heat meter 
to a potentiometer set-up located in an observation room below. Water, the 
temperature of which was controlled, was circulated through the cooler in the 
wall by an electrically driven pump located in this same observation room. 


In making a test the desired angle between the surface and the sun’s radia- 
tion was maintained and water of the proper temperature was circulated through 
the cooler to give the desired surface temperature. These conditions were 
maintained while frequent observations were made of the rate of heat flow 
through the meter and of the surface and air temperatures. 

In comparing the relative absorption of the surface for two different con- 
ditions of temperature, color, angle, or with intervening glass, tests were made 
alternately on the two conditions. The thermal resistance between the surface 
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TABLE 1. ABSORPTION OF SOLAR RADIATION BY BLACK OILCLOTH SURFACE AT DiFFER- 
ENT TEMPERATURES AND DISSIPATION OF HEAT FROM THIS SAME SURFACE TO THE AIR 
IN CONTACT WITH IT 
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ept. 
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For F, D, E, see Fig. 1. * Hazy, sun barely visible. 
C=F+(D+E) 

=F+2(t—te) 


and the water of the cooler was so small that equilibrium of heat flow with 
any temperature condition usually could be reached in 10 min. Sufficient 
data on any given condition were always collected to show a steady rate of 
heat flow for at least % hour. 


The greatest difficulty was experienced in determining the relative absorp- 
tion with the different painted surfaces. The paints were made by mixing 
lamp black, red brick dust, and aluminum bronzing dust with absolute alcohol 
containing just sufficient shellac to keep the powder from blowing off after 
it was dry. This paint was found to become apparently dry in four minutes, 
and satisfactory data could be collected from 10 to 20 min after this time. 


Obviously, but one direct comparison could be obtained between the oilcloth 
and any paint without changing the oilcloth. By adding one paint over the 
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other several alternate comparisons were made between the lamp black and 
the red and the aluminum painted surface. Each such application of paint 
added a slight error due to the fact that the measured temperature was not 
the true temperature of the surface, but no difference in results because of 
this factor was noticed. ; 


The effect of temperature of the absorbing surface on heat absorption for 
the prevailing air temperature on September 3, 1929 is shown in Fig. 4. 
Similar data for other days are given in Table 1. The points in the solid 
line portions of each curve represent the measured rate of heat absorption 
by the surface for the respective surface temperatures. The solid and broken 
line curves at the top of the chart give respectively the air temperature as 
measured in a shaded location near the surface studied and as reported by 
the Pittsburgh Station of the U. S. Weather Bureau about four miles away. 
It will be noted from the solid line portions of the heat absorption curves 
that alternate tests covering about % hour were made on the two conditions 
with 10 min or more intervening, which was the time required for bringing 
the heat flow into equilibrium with the changed temperature conditions. 

It will be noted from the air temperature curve C that until 12:13 the air 
temperature was colder than either of the surface temperatures studied. Later 
in the day the air temperature went up to 86 deg and then remained prac- 
tically constant. As a result both surfaces were necessarily giving off heat 
to the air and space until 12:13 noon. At 12:13, the temperature of the 
80 deg surface and of the air became the same, and hence no heat was given 
back to the air by the surface, and necessarily the determination by the meter 
equaled the total absorption from the sun. After 12:13 the 80 deg surface 
was cooler than the air and hence it gained heat not only by radiation from 
the sun but from the air as well. 

Considering the small air currents over the surface studied, a surface trans- 
mission coefficient H, — 2.0 for the surface studied to the air, or vice versa, 
may be assumed as reasonable, although we have no accurate data on which 
to base it. Curves E and F give the rate of heat exchange between the 
surface at 80 deg and 100 deg respectively and the air during the period of 
test. This rate was calculated by the formula H = h, (t,—t,) 


where H =the rate of heat loss from the surface in Btu per square foot 
per hour. 
h, = the surface conductance coefficient assumed equal to 2.0 
t, = surface temperature 
t, air temperature. 


Curves E and F, Fig. 4, are represented by D and F (Fig. 1), combined 
for the two surface temperatures, while curves A and B (Fig. 4), for the two 
temperature conditions are represented by F, Fig. 1. It will be noted that 
the total absorption of radiant energy from the sun by the surface is equal 
to D E and F (Fig. 1) combined. Hence the heat transfer indicated by A + E 
and B + F respectively should represent the total heat absorbed by the surface. 
Curves G and H are respectively the algebraic sum of curves A +E and 
B+F. As should be expected G and H coincide fairly well throughout the 
period of the tests. Curve / gives the average total rate of heat absorption 
for the period 10 a.m. to 6 p.m. 
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Table 1 gives the measured heat absorption and the corrected heat absorp- 
tion for various temperatures and times. It will be noted that for days on 
which tests were made the maximum corrected absorption was 273 Btu per 
square feet per hour. 


The relative rate of absorption of solar energy for black oilcloth, lamp black 
and red painted surfaces is given in Fig. 5. The effect of inserting a single 
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Fic. 5. AssorpTION oF SOLAR RADIATION BY OILCLOTH AND PAINTED 
Surraces WITH AND WITHOUT INTERVENING GLASS 


pane of double strength glass about 6 in. above the surface through which the 
sun’s rays had to pass is also shown. 

Table 2 gives results of other tests on the effect of heat absorption by 
different surfaces, while Table 3 gives the results of tests on the effect of 
glass in reducing the rate of heat absorption. 

In considering the effect of the glass on heat absorption a number of factors 
must be taken into consideration. As the sun’s rays impinge against, and 
pass through, an intervening sheet of glass some radiation is reflected directly 
from each of the two glass surfaces, and additional heat is absorbed in pass- 
ing through the glass, the amount depending upon the character of the glass 
and its thickness. All of the heat reflected by the glass surfaces and most 
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Taste 2. ReLative Heat ApsorPTION BY DIFFERENT SURFACES 



































Heat Heat. 
Absorp. Absorp 
Surf. | Air Btu Surf. | Air | Heat | Per 
Date and Kind of Temp. | Temp. per Kind of Temp. | Temp. |Absorp-| Cent. 
Time Surface F F Sq ft Surface F F tion “a 
i Cloth 
Sept. 20 Black Lamp black % 
11:40a.m.| oil cloth 80 | 58 182 paint 80 | 58 171 | 94 
Sept. 20 Lamp black 
1:30 p. m. paint 80 | 62.3 | 207 | Red paint 80 | 62.3 | 143 | 64.9 
Sept. 20 Lamp black 
2:50 p. m. paint 80 |: 64.1 | 203 | Redpaint | 80 | 64.1] 137 | 63.4 
Sept. 20 Lamp black 
3:40 p. m. paint 80 | 65 182 Red paint | 80 65 120 | 62 
Sept. 10 Black Aluminum 
12:55p.m.| oil cloth 80 | 77 256 paint 80 | 77 73 | 28.5 
Sept. 10 Black Aluminum 
2:10p.m.| oil cloth 80 79 222 paint 0 | 79 62 | 27.9 








of that absorbed within the glass is no longer available to reach the surface 
studied and hence the heat absorption by the suriace must be reduced by this 
amount. At the same time the glass necessarily affects air circulation next 
to the surface studied, probably reducing it, and also probably effecting a 
rise in temperature of the air next to the surface. Hence one may assume 
that the glass decreased the heat given back to the air by the surface studied, 
or increased the flow when it was in the opposite direction. For this reason 
the glass would tend to decrease the heat given back to the air by the surface 


TasiLe 3. Errect oF PANE or DousLe StrENGTH (%" TuHick) GLASS IN ABSORBING 
Rapiant Enercy PAssinc THrouGcH IT 





























Per 
et ry Sent 
, ind o Surf Air 4 ea 
ous cass Surface sows ee bes ae With- With n. 2 
ant Glass by 
slass Glass 
Black % 
Sept. 15 12:45 a. m. oil cloth 90 80 | 85 133 | 120 9.8 
Black 
Sept. 5 2:35 p. m. oil cloth 90 80 90 146 133 8.9 
Black 
Sept. 5 4:05 p. m. a En 66 80 | 90 107 96 | 10.3 
ac 
Sept. 5 1:45 p. m. oil cloth 57 80 | 8&8 136 | 117. | 13.8 
Black 
Sept. 5 3:05 p. m. oil cloth 50 80 | 90 109 91 | 16.5 
Black 
Sept. 5 1:15 p. m. oil cloth 43 80 | 88 98 82 | 16.2 
Lamp black 
Sept. 20 12:30 a. m. paint 90 80 | 59.3] 192 | 172 | 10.5 
Lamp black 
Sept. 20 2:50 p. m. paint 90 80 | 64.1} 203 | 182 | 10.5 
Sept." 20 4:00 p. m. Red paint 90 80 | 64.0; 110 98 | 11 
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or to increase the apparent absorption. If this is correct the apparent decrease 
of approximately 10 per cent in absorption by the surface with intervening 
glass does not represent all the heat intercepted. However, it is doubtful if 
this factor is very large. 

In this connection it is of interest to review some values for absorption of 
solar energy by glass reported by the U. S. Bureau of Standards. These 
data were collected in a study of the effectiveness of glass used in goggles 
for protecting acetylene and arc welders’ eyes while at work. The Bureau 
of Standards values are given in Table 4. 

It will be noted from Table 3 that the reduction in absorption of heat by 
the surfaces studied due to the intervening glass becomes greater as the angle 
between the surface and direction of impingement falls below 90 deg. This 


TABLE 4. ABSORPTION OF SOLAR RADIATION BY VARIOUS KINDS OF Giass UsED IN 
GocGLes AS DETERMINED BY THE U. S.. BurEAU oF STANDARDS’ 
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should be expected since the smaller the angle @, or the greater the angle of 
incidence, the greater the reflection from the glass surface. 

The effect of angle of incidence on the absorption of radiant energy is two 
fold. The larger the angle of incidence or the smaller the angle between the 
direction of radiation and the surface, the greater the reflection B, Fig. 1. 
For non-reflecting surfaces, however, this factor probably is not very im- 
portant. More important is the fact that the smaller the angle between the 
rays and the surface, the lower the intensity of impingement of radiation per 
unit area of surface. This is purely a geometrical factor and the intensity 
of impingement per unit of area on any surface is given by Q—=H Sine @ 
where Q is intensity of radiation falling on the given surface at an angle of O 
with the surface, and H is the intensity of radiation on the same surface 
normal to the direction of radiation. 

The curve (Fig. 6) shows the reduction in heat absorption with the de- 
crease in the angle of incidence. The +x’s give points for the black oilcloth 
surface without the intervening glass and the circles give points for tests 


3 Treatise on the Sun’s Radiation, by Bigelow, John Wiley and Sons, 
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with the same surface but with the glass intervening. The curve is drawn 
for values of Q, given by the equation Q=H Sine @. It is seen that the 
test points fit the theoretical curve fairly well or in other words for any angle 
of impingement the formula Q=H Sine @ is apparently the correct form to use 
for such calculations. 


The data given show maximum rates of heat absorption of the sun for 
different days ranging up to 273 Btu per square foot per hour or up to 1.13 
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Fic. 6. Repuction 1N Heat Aspsorption Due To DEcREASE OF ANGLE 
oF INCIDENCE 


sq ft of equivalent steam radiation per square foot. According to Bigelow, 
the total energy emission from the sun measured at sea level on the earth 
is about 332 Btu per square foot per hour or 1.38 sq ft of equivalent steam 
radiation per square foot. This difference can be credited to reflection from 
the surface studied and lower total radiation from the sun due to smoke and 
haze while the tests were being made. The tests reported were made on days 
that would normally be considered quite bright in Pittsburgh. However, the 
intensity of radiation was probably considerably less than would be found 
in other places such as Washington or at the sea coast. 


SUMMARY AND CONCLUSIONS 


1. The total energy emitted by the sun figured normal to the direction of 
radiation at sea level is given by Bigelow as about 332 Btu per square foot 
per hour or 1.38 square feet of equivalent steam radiation on a clear day. 
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2. The heat absorption by a black oilcloth surface perpendicular to the 
sun’s radiation was found to be as high as 273 Btu per square foot per hour 
on a day which would be considered bright in the city of Pittsburgh. 

3. Lamp black painted surfaces, red brick dust painted surfaces and aluminum 
bronze painted surfaces perpendicular to the sun’s radiation show 94.0, 63.4, 
and 28.2 per cent as high a rate of absorption as the black oilcloth. 


4. The difference in retention of absorbed heat by surfaces having tem- 
peratures different from the air in contact with them apparently can be 
satisfactorily corrected for a black surface by assuming a surface transmission 
coefficient of 2.0 Btu per square foot per hour per deg temperature difference 
between the surface and air, when this temperature difference is not greater 
than 20 deg. : 

5. A single pane of double strength window glass placed so that the sun’s 
rays must pass through it before it impinges on the surface reduces the heat 
absorption of that surface by from 8.9 to 16.5 per cent, when the impingement 
is normal. For smaller angles of impingement the glass retards a greater 
per cent of the radiant energy. 

6. The rate of absorption of heat from the sun’s radiation by a surface at 
any angle with the direction of radiation may be satisfactorily computed by the 
equation Q—=H Sine @ where Q is rate of absorption for the angle @ and H 
is the rate of absorption for the same surface normal to the direction of 
radiation. 


DISCUSSION 


Hersert H. KimBacy.* (WRITTEN): In this discussion the intensity of 
solar radiation received at the surface of the earth will be considered first, and 
afterwards the measurements of absorption by different surfaces. 

(1) It is unfortunate that the authors accepted the work of the late Prof. 
Frank H. Bigelow,’ as authoritative on solar radiation. By a process of 
reasoning not generally accepted, he arrived at the conclusion that the so-called 
solar constant of radiation or the intensity of solar radiation outside the earth’s 
atmosphere at a distance from the sun equal to the mean value of the earth’s 
radius vector, is 3.98 g-cal per minute per square centimeter of surface normal 
to the incident solar rays. Inside the atmosphere, at the summit of Mount 
Whitney, or 4,420 meters above sea level, he estimated what he calls the “free 
heat received by the pyrheliometer” to be 2.138 g-cal per minute per square 
centimeter. A typographical error in the paper makes it appear that these 
intensities are for a square meter of surface instead of a square centimeter. 

Practically all astronomers and physicists now accept as authoritative the 
work on solar radiation and atmospheric transmission of Dr. C. G. Abbot, 
Secretary of the Smithsonian Institution and Director of its Astrophysical 
Observatory, and his associates. Their results are based on careful measurements 
extending over many years. A remarkable series of solar constant determinations 
made at Calama and Mount Montezume, Chile, extends almost without interrup- 
tion from August, 1918 to the present time. the mean value of these determina- 
tions is 1.940+-0.0068 g-cal per minute per square centimeter or less than half 


*U. S. Weather Bureau, Washington, D. C. 
1See Bibliography, p. 152. 
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the value given by Bigelow, which is quoted by the authors of this paper. On 
Mt. Whitney, pyrheliometric readings evtrapolated to zenithal sun, give for 
the solar radiation intensity 1.72 g-cal per minute per square centimeter. The 
authors are quite right in their conclusions that, “These (Bigelow’s) data are 
of little or no value in determining the rate of heat absorption by buildings.” 

If it were necessary, the intensity of solar radiation at a given place and 
time could be computed by the use of Abbot’s* value of the solar constant; 
Rayleigh’s classical equation as modified by King* for determining the 
scattering of solar radiation by the gas molecules of dry air; Fowle’s* 
determinations of the scattering by water vapor and the absorption by the 
gases of the atmosphere, but principally water vapor; and Angstrom’s® 
determination of the scattering by atmospheric dust, provided the air pressure 
and its water vapor and dust content are known. But in the present case it is 
unnecessary to make such computations, since there are instruments for meas- 
uring the intensity of the solar radiation received at the surface of the earth.® 
Not only may we measure the intensity of the radiation received directly 
from the sun, to which Bigelow refers, but we may also include in the measure- 
ment what is almost equally important, that portion of the radiation scattered 
by the atmosphere that reaches the surface of the earth as diffuse skylight. 

Monthly summaries of measurements of the intensity of direct solar radiation 
made at Washington, D. C., Madison, Wis., and Lincoln, Nebr., are published 
in each issue of the Monthly Weather Review. The Review also contains 
weekly summaries of the total solar radiation (direct + diffuse) received on a 
horizontal surface at the three stations named above, and also at stations main- 
tained by the Weather Bureau in Central Park, New York City, at the Univer- 
sity of Chicago, and at Fresno, Calif.; at a station of the Bureau of Entomology, 
Department of Agriculture, at Twin Falls, Idaho, and at the Scripps Institute of 
Oceanography, University of Southern California, La Jolla, Calif. Beginning 
with 1930, Pittsburgh, Pa. and the University of Florida, Gainesville, Fla., will 
probably .be added to this list. 


In Fig. A are curves showing the annual march of the total solar radiation 
received on a horizontal surface (1) outside the earth’s atmosphere at the 
latitude of Washington; (2) and (3) on cloudless days at Twin Falls, Idaho, 
and Washington respectively; (4), (5) and (6), the average daily amount 
received at Twin Falls, Washington and Chicago respectively; and (7), the 
annual march of temperature at Washington. The relation of (7) to (5) may 
be expressed by a mathematical equation (7). 


These instrumental records, in connection with meterological records, make 
it possible to obtain a fairly accurate estimate of the solar radiation intensity 
in any part of the United States. 

(2) Measurements of absorption by different surfaces represent the con- 
tribution of the authors to our knowledge of the effect of solar radiation upon 
the temperature inside of buildings. Their analysis of the expenditure of the 
solar radiation (4), received on the roof, namely, B, reflected; C absorbed; 
D reradiated; E, convection loss; and F=C—(D+E); is similar to the 
analysis of heat expenditure at the surface of the ground, by Angstrom’ 
and others, except that in the latter case a term is added for evaporation of 
moisture, including the melting of snow and ice. The method of obtaining C, 


4,4, 4, 6 % 7 See Bibliography, p. 152. 
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however, is quite different. Instead of measuring A, F is measured, D and E 
are estimated, and C is computed. It would at least be an interesting check 
to measure A as well as F. Values of D could then be obtained from tables of 
reflection coefficients.® 

Table 1 and Fig. 4 indicate that an efficient heat meter was employed in the 
measurements, since a maximum value of.C at 12:40 p.m. on August 20, of 
273 Btu = 1.235 g-cal per minute per square centimeter is higher than the 
average intensity of direct solar radiation at Washington at noon in August, 
but less than the maximum intensity. The maximum values of G and H 
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Fic. A. Datty AveraAGes oF AIR TEMPERATURE AND TOTALS OF SOLAR RaplIa- 
TION RECEIVED ON A HorizoNTaL SURFACE 


(Fig. 4) on September 3 (about 260 Btu = 1.17 g-cal per minute per square 
centimeter) are only slightly less than we would expect for the value of A in 
Pittsburgh at noon in September. There is this significant difference, however, 
The maximum of 4 should occur at noon, apparent time. The maxima of 
G and H, at about 3 p.m., or at the time of the maximum temperature of the 
day. This is in accord with the relation between the curves (5) and (7), 
Fig. A of this discussion, and with the well-known lag of the daily air tem- 
perature behind the mid-day maximum of the solar radiation intensity. It 
indicates a considerable storage of heat in the roof material. 

For the complete determination of the heating effect of solar radiation on a 
building, the absorption and transmission of heat by its walls as well as by its 
roof must be considered. From personal experience I may state that an observ- 


© See Bibliography, p. 152. 
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atory room with windows on the southeast and southwest sides and warmed by a 
gas radiator, while uncomfortably cold on a cloudy day in winter is over- 
heated on a day with bright sunshine. It has also been found that in tem- 
perate latitudes buildings oriented with their four corners towards the cardi- 
nal points of the compass have a more nearly equable distribution of natural 
lighting and solar heating on all sides, and that the total for the year is greater 
than for any other orientation.® 


It appears that attention to the orientation of buildings, to the materials of 
which they are constructed, and to the character of the paint or other surface 
covering, will assist materially in the conserving or excluding of solar heat, 
as circumstances may make desirable. 


E. R. Queer: Some work similar to that of the authors was done at the 
Pennsylvania State College and the comparative percentages of absorption 
were practically the same as reported in this paper. For instance, the red 
paint absorbed about 63 per cent as much heat as the black paint. We used 
oil paints in our case and the resistance between our meter and the painted 
surface was higher. 


Mr. Hovucuten: Dr. Kimball of the Weather Bureau takes exception to the 
use by the authors of the values for total solar radiation from the sun at the 
earth’s outer atmosphere as given by Bigelow. The authors are apparently in 
error in accepting Bigelow as authority on this subject. It should be pointed out, 
however, that the discussion of Bigelow’s values in connection with the Labor- 
atory data was an academic discussion of theory, and was not used in the 
collection of the Laboratory data or its analysis, and has no direct bearing on 
it. There is apparently no disagreement between Bigelow and the Weather 
Bureau on the subject of total heat received at the earth’s surface. 


1 onan, Frank H. Treatise on the Sun’s Radiation. New York, 1918. 
Abbot, Charles G. A Group of Solar Changes. Smithsonian Misc. Col. Vol. 80, No. 2, 1927. 
2 Kine Louis Vessot. On the Scattering and Absorption of Light in Gaseous Media with 
Application to the Intensity of Sky Radiation. Phil. Trans. R. Soc. London, A. 212, 375, 1913. 
F. E. Water-vapor Transparency to Low Temperature Radiation. Smithsonian Misc. 
Col. ‘Vol 68, No. 8, 1917. The Transparency of Aqueous Vapor. Astrophysical Jr. 42:394, 1915. 
5 Angstrom, ‘Anders. On the Atmospheric Transmission of Solar Radiation and on Dust in 
the Air, Geografiska Annaler, 1929, H.2. 
* Covert, Roy N. Meteorological 1 Instruments and Apparatus employed by the United States 
Weather Bureau. Jr. O. S T. 10:359-369, 1925. 
7 Angstrom, Anders. On Redistion’ and Climate, Geografiska Annaler, 1925, H.1 och 2. 
® Kimball, am H. The Determination of Daylight Intensity at a Window Opening. 
Trans. 1924 1. E. , Vol. 19, p. 217. 
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-PREVENTING CONDENSATION ON INTERIOR 


BUILDING SURFACES 


By Paut D. Cross’, New York 
MEMBER 


F the many problems with which the engineer is confronted, one of 
O the most important is that of preventing condensation on ceilings and 

other interior surfaces of buildings resulting from the existence of 
high relative humidities in cold weather. Water dripping from a ceiling may 
cause irreparable damage to manufactured articles and machinery. It often 
results in short circuiting of electric power and lighting. systems, necessitating 
shutdowns and incurring costly repairs. Condensation also causes rotting of 
wood roof structures, corrosion of metal roofs, and spalling and disintegration 
of gypsum and other types of roof decks not properly protected. There has 
been much discussion of this subject in the last few years, but to the writer’s 
knowledge, no general formulae have been advanced for the solution of prob- 
lems of this nature. Charts of various types have been prepared, but these have 
been of limited value in most cases because they have applied to specific 
products. 

There are two general types of condensation problems, namely (1) those 
involving the maintenance of high humidities necessitated by manufacturing 
processes, and (2) those involving high humidities which are the result of 
manufacturing processes. In the former case, the relative humidity is usually 
controlled and has a definitely fixed value. Buildings requiring high humid- 
ities include textile mills, tobacco curing rooms, film laboratories, bakery 
dough rooms, match and candy factories, and printing plants. Where the 
presence of excessive quantities of moisture is the result of some manufacturing 
process, the relative humidity and temperature usually vary considerably. 
Buildings involving this condition include paper mills, laundries, macaroni 
and canning factories, tanneries, stone and marble plants and cleaning and 
dyeing establishments. 

Condensation is, of course, caused by contact of the warm humid air in a 
building with surfaces below the dew-point temperature. To prevent con- 
densation it is necessary to do one of two things (1) to increase the tem- 
perature of the surfaces upon which the precipitation of moisture takes place 

1 Technical Secretary, A. S. H. V. E 


Presented at the 36th Annual Meeting of the American Society or HEATING AND VENTILATING 
Encineers, Philadelphia, Pa., January, 1930. 
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above the dew-point for the dry-bulb temperature and relative humidity in- 
volved, or (2) to reduce the humidity of the air so that the dew-point is be- 
low the temperature of the surfaces with which it comes in contact. The 
fundamental upon which the solution of condensation problems is based is 
that the drop in temperature through any construction is proportional to the 
heat resistance. 


DERIVATION OF FORMULA 


In the derivation of a formula for solving condensation problems, the object 
is to determine the resistance R which a wall or roof must have to maintain 
the interior surface having a resistance R, above the dew-point temperature 
ta for the dry-bulb temperature ¢ and relative humidity r.h. existing in the 
building, when the outside temperature is ¢,.. (See Fig. 1). If t, is the 
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Fic. 1. TEMPERATURE GRADIENT THROUGH WALL WITH 
DIAGRAM SHOWING RELATION BETWEEN TEMPERATURE Drop 
AND RESISTANCE 


temperature of the interior surface, the limiting value of ¢, is ta, since to pre- 
vent condensation the temperature of this surface must not fall below the 
saturation point or dew-point temperature for the conditions involved. 

In order to establish a relationship between R and the other variables 
entering into the problem, it is assumed that the temperature drop through 
any part of the wall or roof is proportional to the resistance. 


Therefore— 








R t—f, 
R. = pee and 
R = Gas) (A) 


Formula A can be used for solving almost any condensation problem by 
making ta — t¢,, if the necessary data are available. From an inspection of the 
formula it will be noted that condensation can be prevented in three ways, 
namely : 


(1) By decreasing the surface resistance sufficiently to increase ft, to ta; 
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(2) By decreasing the relative humidity so that t is equal to or less than 
t,, and 


(3) By increasing the resistance FR so that ¢t, is increased to ta. 


The surface resistance can be decreased by increasing the velocity of air 
passing over the surface by a fan, blower or other means. This method is 
commonly resorted to by store merchants for preventing frost or condensation 
on store windows, by directing fans against the interior surfaces of the 
windows. 


The second method of preventing condensation, namely, that of decreasing 
the relative humidity, can, of course, be accomplished by dehumidification. 

The third method, that of increasing the resistance of the wall or roof, is 
accomplished by adding a sufficient thickness of insulation to increase the tem- 
perature of the interior surface from ¢, to ta. 


If, in formula (4)— 





ta — £ 
r 1 
: —— =R 
k + U 
1 
Bost 
where— 
# = thickness, in inches, of insulation required to prevent condensation. 
k = conductivity of insulation in Btu per hour per square foot per degree 


Fahrenheit per inch thickness. 


U = coefficient of transmission of uninsulated wall or roof in Btu per hour 
per square foot per degree Fahrenheit. 


f = conductance of interior surface of wall or roof in Btu per hour per 
square foot per degree Fahrenheit, then 


x Bes: t —- t, 
“ie dis hoy TGuny ™ 








Pant 1 
$°= hk —_ — 
F (t—ta) U (B) 
Example: 


The following example will illustrate the use of this formula: 


Determine the thickness of insulation required to prevent ceiling condensa- 
tion on a roof constructed of 1 in. yellow pine sheathing covered with built-up 
roofing for an inside temperature at the ceiling of 85 F, a relative humidity 
of 70 per cent, and an outside temperature of —10 F, assuming the con- 
ductivity of an insulation to be 0.30 Btu per hour per square foot per degree 
Fahrenheit per inch thickness. 


k = 0.30 Btu per hour per square foot per degree Fahrenheit per inch thick- 
ness; ¢ — 85 F; t, =—10 F; rh. = 70 per cent; ts = 74 F; f = 1.34 Btu per 
hour per square foot per degree Fahrenheit (average); U = 0.485 Btu 
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per hour per square foot per degree Fahrenheit (Table 11A, Chap. I, The 
A. S. H. & V. E. Guipe, 1929) ; + = 0.30 85 — ( —10) 1 | 13 in 
ame Be In. 





1.34 (85—74) 0.485 


CONDENSATION CHART 

In the preparation of the chart (Fig. 2) for ascertaining the thickness of 
insulation required to prevent condensation, the relative humidity, the inside 
and outside temperatures, the transmission coefficient of the wall or roof, and 
the conductivity of the insulation have been considered as variables. The 
surface coefficient has been assumed to be a constant for ‘still air with a value 
of 1.34 Btu per hour per square foot per degree Fahrenhcit. 

The procedure for using this chart is as follows: 

1. Locate the dry-bulb temperature ¢ of the air near the ceiling on scale 4, 
and pass horizontally to the proper relative humidity curve on scale B. 

2. From this point pass vertically downward. 

3. Locate the difference between the temperature of the air at the ceiling 
and the lowest outside temperature on scale D, and draw a line horizontally 
until it intersects line 2. (The vertical line drawn as per paragraph 2.) 

4. From the intersection of lines 2 and 3 draw a line to the point P in the 
lower left-hand corner of the chart. 

5. From the intersection of line 4 and line AB, draw a line horizontally until 
it intersects the diagonal line corresponding to the heat transmission coeffi- 
cient of the uninsulated roof shown on scale F. (See Chap. I, Guine, 1929.) 

6. From the intersection found as per paragraph 5, draw a line vertically 
downward. 

7. Locate the conductivity of the insulation to be used (expressed in Btu 
per hour per square foot per degree Fahrenheit) on scale G and draw a line 
to point Q. 

8. From the intersection of lines 6 and 7, draw a line horizontally to the 
left, and the corréct thickness of insulation to use will be indicated on scale H. 

Although this chart is intended primarily for roofs, it can be used for walls 
by using the dry-bulb temperature and the corresponding relative humidity 
of the air near the walls at the point which will necessitate the maximum 
heat resistance to prevent condensation instead of using the temperature and 
humidity near the ceiling. If the insulation is installed in such a manner as 
to alter the number of air spaces in the construction, then the total heat re- 
sistance required should be determined from scale E from which the heat 
resistance of the uninsulated wall should be subtracted to ascertain the re- 
sistance to be added to prevent condensation. In this way any increase or 
decrease in the number of air spaces can be taken into consideration by adding 
or subtracting the resistance of the air spaces to or from the total resistance 
to be added by the insulation itself. The thickness of the insulation can then 
be readily determined if its conductivity is known. 

Example: 

Determine the thickness of insulation required to prevent ceiling condensa- 
tion for the following conditions: 

Dry-bulb temperature near ceiling............ 85 F 
SE TOE bb owvavaSvoccecdesenbes .... ZO per cent 
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Lowest outside temperature.................. —10 F 

Construction of Uninsulated Roof.............. 1 in. yellow pine sheathing 
and built-up roofing. 

Coefficient of transmission of roof............ 0.485 

Conductivity of insulation to be used.......... 0.30 


The solution of this problem is indicated on the chart (Fig. 2) by the 
dotted line. 


1, Locate the inside dry-bulb temperature of 85 F on scale A, and draw 
a line horizontally to the 70 per cent relative humidity curve, indicated on 
scale B. 


2. Draw line 2 vertically downward from the intersection located as per 
paragraph 1. 

3. Locate on scale D the temperature difference of 95 deg between the 
ceiling temperature of 85 F and the lowest outside temperature of —10 F, 
and draw a line horizontally until it intersects with line 2. 


4. From the point of intersection of lines 2 and 3, draw a line to the point P. 


5. From the intersection of lines 4 and AB, draw a line horizontally until 
it intersects with the diagonal line corresponding to a coefficient of trans- 
mission of the roof of 0.485, located on scale F. 

6. From the intersection found as per paragraph 5, draw line 6 vertically 
downward. 

7. Locate the conductivity of 0.30 Btu per hour per square foot per degree 
Fahrenheit of the insulation on scale G and draw a line to point Q. 

8. From the intersection of lines 6 and 7, draw a line horizontally to scale 
H, on which the thickness of insulation of this conductivity is indicated, which 


is 1.3 in. The nearest commercial thickness above 1.3 in. would, of course, 
be selected. 


* PREVENTING CONDENSATION FOR High HuMIDITIES 


Referring to formula B, it will be noted that as the relative humidity in- 
creases and approaches 100 per cent, the dew-point temperature approaches 
the dry-bulb temperature, the quantity (t— ta) decreases and approaches zero, 
and the value of x approaches infinity. Theoretically, an infinite thickness 
of insulation is required when the relative humidity is 100 per cent and the 
outside temperature is lower than the inside temperature and the quantity 
(t—t#,) therefore has a positive value. 

As the relative humidity increases beyond a certain point, the thickness of 
insulation increases very rapidly, and a practical limit to the use of insulation 
is reached. A thickness of 10, 15 or 20 in. of insulation would be out of 
the question in most cases. The limiting value of the relative humidity for 
which condensation can be corrected solely by insulation is usually about 90 
per cent, but of course, depends on a number of factors, including the con- 
struction, the temperature conditions and the type of insulation. 

Humidities of 90 per cent or higher are seldom encountered in any manu- 
facturing establishment, because it is usually difficult to approach saturation 
to this degree under practical operating conditions, Furthermore, humidities 
this high are considered very unhealthful. However, in instances where such 
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conditions are maintained and condensation is to be prevented, it can be 
accomplished in several ways. One method is to install a ceiling a suitable 


distance from the underside of the roof and to force dry, heated air into the 


plenum space thus created between the ceiling and the roof deck to maintain 
the temperature of the under surface of the ceiling above the dew-point tem- 
perature. Under the circumstances, the roof should be well insulated as other- 
wise there will be an excessive loss of heat through the roof structure. An- 
other method is to blow dry, heated air against the ceiling, but this is usually 
an extravagant and costly process, not only from the standpoint of first cost, 
but also from the standpoint of maintenance. Moreover, the results are not 
always satisfactory as it is usually difficult to obtain the proper distribution 
of the dry, heated air over the ceiling surfaces. The first method is usually 
to be preferred. 


WuHereE SHOULD INSULATION BE APPLIED? 


From the theoretical standpoint, the most effective results are obtained by 
applying the insulation to the interior surface of the wall or roof, or as near 
in the wall or roof to the interior surface as possible, especially if the building 
is allowed to cool at night and is heated quickly in the morning. The reasons 
for this will be evident from the following postulates: 


(1) The materials nearest the interior surface will have the greatest in- 
crease in temperature for any given increase in the inside temperature, if 
the outside temperature remains constant. 


(2) The product of the specific heat, density and volume of the insulation 
in a given section of the wall or roof is usually less than that of the brick, 
concrete, stone, tile or other structural materials in the same section. 


(3) The absorption of a given quantity of heat by the less dense insulation 
will raise the temperature of the insulation more than will the absorption of 
the same amount of heat raise the temperature of the more dense structural 
materials of the wall or roof. 


(4) An insulation will therefore usually increase in temperature more rapidly 
at a given rate of heat absorption than will the other materials used in the 
construction. 


(5) Consequently, if the insulation is installed on the interior of the wall or 
roof, there will be less lag between the room temperature and the interior 
surface temperature during the heating-up period before the temperature of 
the wall has reached a state of equilibrium. 


There are other factors, however, of perhaps even greater importance than 
the foregoing, which make it advisable to apply the insulation as far as pos- 
sible from the interior surface of the wall or roof. Probably the most im- 
portant ‘is that of providing the necessary vapor protection to the insulation, 
for no insulation will function satisfactorily if it is not properly vaporproofed. 
All commercial insulations are more or less porous and without adequate 
surface protection, moisture laden air will penetrate the insulation until the 
dew-point temperature within the insulation is reached, at which point con- 
densation will take place. 


Bituminous emulsions and paints have been used to some extent to protect 








160 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


\90 




















90 


8° 


7° 


-K£EyY- 


90 deg. dry bulb temp. ee 


70 deg. dry bulb temp. 
es of Window — Degrees Fahrenheit 


60 


50 deg. dry bulb temp. —-——-— 


40 50 
ence on the Two Sid 


30 
Fic. 3. SaTuRATION Curves SHOWING RELATIONSHIP BETWEEN 


20 
* Scale B Temperature Oiffer 





40 


© ° g ° ¢ 
@ = » 
4824984 ~ Aypnany arrjojezq WW ejpoS 


100 


AND TEMPERATURE 


HumIpity 
DirFERENCE oR Heat Heap For Sincie, DoustE AND TRIPLE WINDows 


RELATIVE 


insulations applied to the interior surfaces of walls and roofs for the preven- 


tion of condensation, but in most cases these have been found wanting. 


The 


main reason perhaps is that the irregularities and projections of the surface 
of the insulation make it difficult to obtain an unbroken seal. Cement plasters 
have been used with some success for protecting the insulation, but these too 
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have failed in many cases where severe conditions have been involved, due 
primarily to the tendency of the plaster to crack as is, of course, true of 
practically all plasters. 


Sheet metal will provide a vapor tight seal if the joints are properly soldered, 
but certain practical difficulties lessen the value of this material for the pur- 
pose. The writer’s experience has been that the most satisfactory method of 
vaporproofing a wall or roof is by means of the membrane system consisting 
of alternate layers of saturated roofing felt and bitumen applied between the 
warm humid air of the building and the insulation. Practically all of the 
insulated roofs of the textile mills of the south are protected in this manner, 
that is, by the application to the roof deck of several plies of roofing felt 
and pitch or asphalt before the insulation is “mopped in.” Whether the roof 
deck be of concrete, wood, steel, tile or gypsum, the insulation should be 
mopped and not nailed to the deck through the roofing felt, if the temperature 
and humidity conditions are severe, for it is obvious that nails will puncture 
the vaporproofing course and defeat the purpose for which it is intended. 
Needless to say, the outside surface of the insulation must be protected from 
the rain and snow by means of built-up roofing in the case of roofs, and by 
other suitable methods in the case of walls. 

It is frequently the practice to attempt to correct condensation by installing 
one or more thicknesses of a given type of insulation to the underside of the 
roof deck, particularly where the roof deck is of wood and the roof rafters 
thus provide an easy means of attachment. The thickness of the insulation 
may be sufficient, and the surface of the insulation adequately protected, but 
in most cases the vapor will penetrate the joints cf the insulation even if they 
are caulked with a suitable plastic, and condensation will take ‘place on the 
underside of the roof deck, and in turn drop down upon the insulation, render- 
ing it valueless in due course of time. As previously stated, the most satis- 
factory results are usually obtained where the insulation is applied over a 
membrane vaporproofing course on top of the roof deck, or similarly protected 
if applied to walls. 


Moisture Deposits Not ALways CONDENSATION 


The deposition of moisture on the interior surfaces of buildings due to other 
causes is frequently attributed to condensation. For example, the formation of 
moisture on brick, tile and concrete and other masonry walls, often thought to 
be due to condensation, is quite often caused by the porosity and inherent 
capacity of such walls for retaining or transmitting moisture. Roof leaks, too, 
are often mistaken for condensation deposits. In many cases it is difficult to 
determine whether the precipitation of moisture is due to condensation or to 
some other cause. 


CONDENSATION ON WINDOWS 


An interesting paper entitled Frost and Condensation on Windows by L. 
W. Leonhard and J. A. Grant, was published in the A. S. H. & V. E. 
Transactions, 1929, p. 295. This paper was based on experimental work 
done in the Mechanical Engineering Laboratory of the University of Michigan 
to “determine quantitative values for some of the principal factors that influence 
the inside temperature of windows.” 
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Fundamentally, the problem of preventing condensation on windows is no 
different than that of preventing condensation on walls or ceilings. Any of the 
three methods outlined on pages 154 and 155 can be used to prevent or reduce 
condensation on windows. However, it is not economical to decrease the inside 
surface resistance as per method (1), since the two surface resistances of a 
single pane of glass comprise almost the entire resistance of the glass, and 
therefore any reduction in the resistance of either of the surfaces will result 
in an appreciable reduction in the overall resistance, and a corresponding 
increase in the overall transmission. Method (2) involving dehumidification, 
cannot be resorted to where the high humidity is a necessary part of the 
manufacturing process. Furthermore, it may not be feasible from the standpoint 
of the cost of installation and operation of the air conditioning apparatus to 
attempt to reduce the humidity of the air in the building. It is therefore 
necessary to resort to method (3) in many instances where it is desirable 
that window condensation be eliminated, which involves the process of in- 
creasing the overall resistance R of the glass. However, the internal heat 
resistance of glass is practically nil, so that the only means of appreciably 
increasing the overall heat resistance is by increasing the number of air spaces. 


WINDOw CONDENSATION CHART 


The chart (Fig. 3) is intended to be used for determining the number of 
panes of glass required to prevent condensation for certain temperature and 
humidity conditions, or for determining the outside temperature at which 
condensation will take place on the inside surface of single, double or triple 
glass for the humidity and temperature conditions involved. This chart is 
based on formula (A), assuming still air on the inside glass surface, and a 
wind exposure of 15 mph on the outside glass surface, using the overall 
transmission coefficient for glass given in Table 13-A, Chapter I, THE GuipeE, 
1929, and the still air surface coefficient for glass of 1.50 Btu per hour per 
square foot per degree difference in temperature given in Table 4 (Ibid). 


The operation of this chart is simple. To determine the type of glass 
required to prevent condensation, locate the relative humidity on scale A and 
the difference in temperature between the air on the two sides of the glass 
on scale B, and the curve corresponding to the inside temperature conditions 
immediately above the intersection of the lines drawn from these two scales 
indicates the type of glass required. For example, if the relative humidity is 
60 per cent (scale A) and the inside and outside temperatures are 70 F 
and 0 deg F, respectively, the temperature difference (scale B) will be 70 F, 
and triple pane glass will therefore be required to prevent condensation as 
indicated by the curve immediately above the intersection of the lines drawn 
from scales A and B. It will be noted that curves are given for dry-bulb 
temperatures of 50, 70 and 90 F, respectively. It is apparent that the differ- 
ence between the three dry-bulb temperatures is small. 


On account of the fact that the transmission of even triple glass is relatively 
high and, hence, the resistance correspondingly small, the humidity that can 
be carried without condensation taking place is low, and the greater the dif- 
ference between the inside and outside temperatures, the lower the humidity 
that can exist in the building without condensation taking place on the win- 
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dows. In some cases condensation on vertical surfaces such as walls and win- 
dows is not regarded as a serious objection. For this reason, and also because 
of the impossibility of entirely preventing condensation under severe condi- 
tions and the difficulty of hermetically sealing the space between the panes 
of glass, no effort is made in such cases to reduce or prevent the precipitation 
of moisture on windows. It is usually the practice, under the circumstances, 
to provide gutters under the windows to drain the condensation. 


The window condensation chart can also be used for determining the outside 
temperature at which condensation will take place for any given type of 
glass, and for any specified inside temperature and humidity conditions. If 
for example, double windows are installed in a building, and the inside tem- 
perature and humidity are 70 F and 54 per cent, respectively, condensation 
will take place when the temperature difference is 58 deg, or the outside 
temperature is 70—58 or 12 F. The dotted lines (marked 1 and 2) on the 
chart indicate the solution of this problem. 


CONCLUSIONS 


Condensation on the interior surfaces of buildings is often a serious prob- 
lem, and one which the heating engineer is frequently called upon to solve. 
It is caused by the contact of the warm humid air in a building with surfaces 
below the dew-point temperature, and can be remedied by increasing the 
temperature of such surfaces above the dew-point temperature or by lowering 
the humidity. 


Dehumidification is not permissible in many cases on account of the fact 
that a high moisture condition is necessary for manufacturing processes. 
Hence, the only alternative is to increase the surface temperature, which can 
be accomplished by decreasing the surface or filament resistance by increasing 
the velocity of air passing over the surface, or by increasing the overall re- 
sistance by adding a sufficient thickness of insulation. 


The latter method is generally resorted to, and the thickness of insulation 
is determined by ascertaining the amount of resistance to be added to increase 
the temperature of the interior surface above the dew-point temperature for 
the maximum conditions involved, which in turn is based on the fundamental 
principle that the drop in temperature is proportional to the resistance. 


In order to function satisfactorily the surface of the insulation must be 
adequately protected from the moisture laden air by means of a suitable 
vaporproofing course, preferably one consisting of alternate layers of saturated 
roofing felt and bitumen. It is usually advisable to install the insulation as 
far from the interior surface of the wall as possible. 


Condensation on windows is most readily prevented by using multiple panes 
of glass with air spaces between, but the heat resistance provided by each 
air space is relatively small compared with most insulations, so that usually 
several air spaces are required to entirely prevent condensation under severe 
conditions. Condensation on vertical surfaces such as walls and windows, 
especially the latter, is often disregarded, since the most annoying and trouble- 
some problem is usually that of roof or ceiling condensation, to which more 
attention is paid. 
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DISCUSSION 


R. C. Partetr (WRITTEN): The author has given a clear presentation of 
the means for preventing condensation in buildings. Although the principle 
involved and the calculations necessary in determining the amount of insulation 
required to prevent condensation are not complicated, the results given in chart 
form are of considerable value to the engineer who has only occasional need of 
calculating such a problem. The chart prepared by the author is handy in this 
respect in that it includes all the factors in the form in which the engineer 
finds them, and there are no calculations or references to other tables necessary. 


Every engineer who has had a number of problems in this field has con- 
structed some chart for his own use, the writer having constructed such a 
chart for determining the proper thickness of pipe insulation to prevent con- 
densation on cold lines. Tests made by the writer at the University of Wiscon- 
sin in 1916, and which check results by other investigators, have not shown 
surface transmission factors lower than 2 Btu per square foot per degree tem- 
perature difference per hour, and the value of 1.34 chosen by the author for his 
chart based on Harding and Willard’s tests appear to be the lowest on record. 
However, this results in a greater thickness of insulation being used, which is 
no doubt a good precaution in problems where the only object is to entirely 
eliminate condensation. The surface transmission coefficient 1.34 is also con- 
servative, because air circulation which increases the coefficient often exists to 
some degree. While the author’s outside surface transmission factor for a roof 
based on a 15 mph wind is satisfactory for figuring heat losses, the writer has 
used in condensation problems a surface resistance factor of zero to take care 
of the action of wind and rain. 


The statement made by the author to the effect that it is not possible to 
entirely correct condensation by means of insulation, where high humidities 
exist, cannot be stressed too much as insulation engineers are very often called 
upon to design constructions to take care of these high humidity conditions. 


Another point well taken by the author is that for practical reasons in- 
sulation is best applied over the roof deck. This generally means that the 
insulation must be installed at the time the building is erected, and, therefore, 
should be included in the design by the architect or engineer. In many cases 
no thought is given to insulation to prevent condensation until after the build- 
ing is erected and the condition found to exist, at which time it is always 
expensive and sometimes impractical to apply insulation to correct the condition. 
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No. 855 


STANDARD CODE FOR TESTING AND RATING 
STEAM UNIT HEATERS' 


N order to establish a standard method of testing and rating fan unit heaters 
using steam as a heating medium, this Code has been prepared by a joint committee 
of the AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS and the 

Industrial Unit Heater Association. 


A. Definitions 


1. Standard Air is air weighing 0.07488 lb per cubic foot. (This weight 
corresponds to dry air at 70 F or air with 50 per cent relative humidity at a dry- 
bulb temperature of 68 F when the barometric pressure is 29.92 in. mercury. 
Specific heat is taken as 0.2415.) 

2. Static Pressure (S. P.) is measured at right angles to the direction of air 
flow. 

3. The Entering Temperature is the average temperature of the air entering 
the heater measured at the heater inlet and expressed in degrees Fahrenheit. 

4. Final Temperature is the average temperature of the air discharged from 
the heater measured at the heater outlet and expressed in degrees Fahrenheit. 

5. Horsepower is the brake horsepower input to the fans at a stated speed 
and stated conditions of rating. 


6. Steam Pressure is gage pressure in pounds per square inch at 29.92 in. 
barometric pressure. 

7. Equivalent Direct Radiation (E. D. R.) is the Btu output at the standard 
basis of rating divided by 240. 


B. Rating 


The rating of a unit heater shall include the following: 
Rpm oF FAN at full load speed 
Heat output in Btu per hour 


AT LEAST ONE RATING showing air delivered by the heater in cubic feet per 
minute of standard air at standard basis of rating 


D. BRAKE HORSEPOWER required by fan at standard basis of rating 
E. Fina TEMPERATURE 


9. The rating shall state the steam pressure (at 29.92 in. barometric pres- 
sure) and the entering air temperature at which the Btu and final temperature are 
taken. It shall also state the temperature at which the cfm value is taken (i. ¢., 
70 F or final temperature or entering temperature). 

1 Code prepared om ——- mashing of D. E, French, Chairman, O. K. Dyer, G. E. Otis, 
H. W. Page, W. A Rowe, J. H. Shrock and L. C. Soule. This committee was assisted in its 
work by the Nsttve. Recah ‘Laboratory in cooperation with the Mechanical Engineering 
Laboratory of the University of Kentucky and by the Engineering Committee of the /ndustrial 
Unit Heater Association, 

Adopted by American Society oF HEATING AND VENTILATING ENGINEERS and the Industrial 
Unit Heater Association, January, 1930 ” 
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C. Standard Basis of Rating 


10. The standard basis of rating is to be dry saturated steam at 2-lb gage 
pressure (at 29.92 in. barometric pressure) at the heater coil and air at 60 F 
entering the heater when the heater is free of external resistance. 

11. Each rating table for heaters, for which 2 lb gage is a suitable working 
pressure, shall include one set of ratings at standard conditions and a statement 
of its capacity in equivalent direct radiation (E. D. R.). 


D. Tolerance 


12. As there are errors of measurement and inequalities of manufacture, a 
variation of 2% per cent in test results will not be considered excessive. 


E. Outline of Tests 


13. This Code prescribes tests to determine the Btu from measurement of 
condensation by weight and the cfm from condensation and temperature rise, and 
further prescribes a means for correcting the Btu and temperature rise, as 
obtained under test conditions, to any other condition of entering air temperature 
and steam pressure. 

14. It is required that a check of the air quantity determined from con- 
densation temperature rise be made by direct measurement with a calibrated 
nozzle. The results of the two methods shall agree within 5 per cent before the 
tests shall be considered correct. However, the results determined from con- 
densation temperature rise shall govern for the purpose of rating under this Code. 

15. This Code prescribes that the heater being tested shall discharge into a 
receiving chamber where the air is thoroughly mixed in order that its true aver- 
age temperature may be determined. The conditions within this chamber are to 
be controlled in such a way that the heater delivers the same capacity as when 
under normal conditions of free delivery. 

16. In order to be sure that the tests on the receiving chamber are a faithful 
reproduction of free delivery conditions, the following routine is prescribed. 
First, measure the condensation of the heater during a test under actual free 
delivery conditions before the heater is connected with the receiving chamber. 
Then make three tests with the heater connected to the receiving chamber, one 
while holding—0.05 in., one while holding zero and one while holding +0.05 in. 
water column constant on the chamber pressure draft gage. During these tests 
it is mecessary to measure only the condensation, entering air temperature and 
chamber pressure. These may each be of but % hour duration. These four tests 
shall be made at the same fan speed and at entering air temperatures within 4 
deg of each other. 

17. The condensation measured on these three chamber tests shall be cor- 
rected to the entering temperature of the free delivery test in the proportion of 
the temperature differences between the steam and entering air. 

18. A curve shall then be plotted from the three tests on the chamber show- 
ing condensation against chamber pressure. This curve shall be assumed to be a 
straight line within this narrow range of chamber pressures. From this curve 
shall be read the chamber pressure corresponding to the condensation measured 
on the free delivery test. The draft gage, which records the receiving chamber 
pressure, shall be held constant at the reading thus determined, during the tests 
necessary for rating data as described hereinafter. This series of tests for the 
calibration of the receiving chamber to reproduce free delivery conditions shall 
be made for each heater at each fan speed. Should the free delivery condensation 
in any series of tests meet the chamber pressure curve for that series at a point 
above +0.05 or below —0.05 it is indication that too great an error has been made 
either in the free delivery test or the check tests on the chamber, which must be 
corrected or the tests repeated. 


F. Equipment for Testing 


19. A chamber for receiving and mixing the air discharged from the heater, 
to be constructed of any material suitable, to be made air-tight and well insulated 
(2-in. cork or equivalent). 
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20. This receiving chamber shall be connected by a duct to an independent 
exhaust fan of such capacity that it will overcome the resistance of the chamber 
and connections and produce a zero static at the point where the heater outlet is 
joined to the chamber. 

21. This receiving chamber shall be of such size that the heater to be tested 
will produce from 20 to 90 air changes per minute. 

: 22. The outlet or outlets of the heater to be tested shall be joined directly to 
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STATIC ORIFICE 























the receiving chamber without a communicating duct. (See accompanying 
sketches of typical cases, Fig. 1.) 

23. Two or more static orifices shall be located in the receiving chamber and 
not in the direct air blast from the heater. These openings shall be connected by 
air-tight tubes to a common draft gage which can be read to 0.005 in. 

24. Means shall be provided with which to vary the capacity of the exhaust 
fan as to maintain a zero static constant on the draft gage. 





Fic. 2. 
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25. A calibrated nozzle* shall be fitted into one wall of the chamber, dis- 
charging into the duct leading to the exhaust fan. The outlet opening of this 
nozzle shall be of such area that the air velocity is not less than 3000 fpm. 

26. Instruments shall be located at the point of 3000 fpm minimum velocity 
for measuring the final temperature, which shall be the average of temperatures 


*If the nozzle. described in Fig, 2 is used, a coefficient of 0.99 may be assumed without 
calibration. 
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taken simultaneously at at least two points in the plane of the nozzle outlet for 
each square foot of outlet area, but in no case less than four points. 

27. A draft gage shall be provided for measuring pressures at the nozzle. 
One side of this draft gage shall be connected to a static orifice located flush with 
the inner wall of the exhaust duct and near the chamber wall. The other side 
shall be connected to an impact tube arranged to measure the velocity pressure 
of the air in the nozzle outlet. 

28. The air handled by the heater shall be disposed of in such a way as to 
prevent fluctuation in the temperature of the air entering the heater. 

29. Steam shall be supplied from a source of sufficient capacity to prevent 
sudden changes in pressure. 

30. The accompanying piping diagram (Fig. 3) shows the connections and 
equipment prescribed for supplying steam to the coil and measuring the con- 
densate. All of the fittings and instruments shown shall be used and shall be 
installed in the relative positions indicated. 

31. The separator shall be of liberal capacity. The steam throttle valve shall 
be of a type suitable for close control. In selecting the type of manometer, it 
must be remembered that condensation will collect above the mercury on the 
steam pressure side and lead to error unless compensated for. 

32. The pet cock used for air relief at the outlet of the heater coil shall be 
not more than % in. in size. ; 

33. The water leg shall have a sight gage so the water level can be brought 
to the same point at the time of each reading of the condensate. 

34. The fittings and piping from the coil outlet to the thermometer shall be 
insulated. 

35. The scales for weighing condensate shall be of the beam type, capable 
of being read to % Ib. 

36. The tanks receiving the condensate shall be covered to reduce loss by 
evaporation. 

37. Temperature measuring instruments shall be disposed around the intake 
of the heater in such locations and in such numbers as will reflect a true average 
of the entering air temperature. All temperature measuring instruments shall 
be capable of being read to 0.5 F or closer and shall be calibrated. When exposed 
to radiant heat they shall be shielded therefrom. 

38. The heater casing need not be insulated for the purpose of this code. 

39. A stop watch shall be used for the accurate timing of readings. 


40. A barometer shall be provided to determine the atmospheric pressure 
during test. 


41. A revolution counter shall be provided to determine the rpm of the fans. 


G. The Procedure 


Note: To avoid duplication, this description deals with the complete rating tests as made on 
the receiving chamber after the control of the chamber has been checked for reproduction of free 
delivery conditions. However, such of this procedure as relates to the measurement of entering 
air temperature and condensation applies equally to the condensation tests under actual free 


delivery conditions, and at alternate chamber pressures which are first made for this check. 


42. All steam and condensate lines shall be inspected to make sure they are 
tight. 
43. The air-tightness of the heater connections shall be checked, particularly 
of the insulated chamber up to the point at which temperature readings are taken. 
44. During the test the steam at the heater inlet shall be held constant at a 
selected absolute pressure and with a superheat of not less than 2 deg. 

45. Although the test results must later be converted to a 2-lb basis, it has 
been found that a higher test pressure, for example 5 lb, provides more uniform 
test conditions, which is assumed in the accompanying illustrations. This applies 
to heaters which, when operating at a pressure of 2 lb entering the coil, will have 
at the coil outlet a temperature higher than the temperature of evaporation. If 
the resistance to steam flow of the coil is such that steam must be supplied at a 
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higher pressure in order to accomplish this, the heater shall both be tested and 
rated at this higher pressure. 

46. Turn on the steam, open all valves and air vents wide, long enough to 
blow out all water. Start exhaust fan and heater fan or fans. Set control to give 
predetermined static in receiving chamber. Set air relief pet cock so that but a 
thread of steam escapes continuously. Hold steam pressure constant at the coil. 

47. An operator should be in constant control of the throttle valve, using 
the manometer as his reference instrument. Before the test is begun a reference 
line shall be marked on the manometer corresponding to the selected test pressure 
corrected for the existing barometer and for the head of any water in the man- 
ometer. During the test the steam valve shall be manipulated in order to hold 
the mercury steady at this reference line. 

48. In order to introduce the required superheat, there shall be not less than 
5-lb drop through the throttle valve. If the quality of steam supplied is so low 
that the required superheat is not introduced by the 5-lb throttling, the line pres- 
sure shall be raised until the required superheat is introduced. 

49. Continue warming up until the air-inlet and air-outlet conditions have 
stabilized to such an extent that the average temperature change is 1 F or less in 
10 min. Check draft gage zero by disconnecting static tube. Reconnect and reset 
exhaust damper if necessary. 

50. Divert the condensate to waste tank and determine tare on weighing 
tank. Be sure that scales are free in operation, and both scales and tank are free 
from external contacts. Mark on the sight gage of the return trap or water leg 
the point at which the water level is to be held, at each point of reading the 
condensate. 

51. Check steam pressure and temperature, note time to the second, and 
divert water to weighing tank. This begins the test. The test shall be continued 
for one hour, during which all conditions shall be held reasonably constant. 

52. The following readings shall be taken and recorded at intervals of 10 
min or less: 

Steam pressure 

Steam temperature (coil inlet and outlet) 
Outlet temperature 

Inlet temperature 

Static pressure at heater discharge 
Weight of condensate for period 

Rpm of fan 

Hp input to fan 

Differential pressure at nozzle. 

53. Exactly at the end of each period, the condensate shall be diverted to an 
alternate weighing tank or change bucket. (If two tanks are used for, actual 
weighing, they should each be tared.) The accumulation of condensate for the 
period shall then be weighed and recorded. 

54. If the data recorded for successive periods are inconsistent or vary 
beyond a reasonable margin, the test shall be continued until one hour of con- 
sistent data are recorded. Care must be observed to bring the water level in the 
sight gage to the original position at each reading and to divert the condensate 
at the end of each reading period to the second. 

55. If the temperature at the coil outlet falls below the temperature of evap- 
oration for the barometer of test, it indicates either that air is not being removed 
from the coil or that the resistance of the coil is too high for the selected test 
pressure. 

56. The horsepower input to the fans may be computed from the watts 
input to the fan motor if a calibrated motor is used. 


H. Computation of Results 


57. Chamber calibration tests. The condensation obtained on each of the 
receiving chamber check tests C shall be converted by the following formula to its 
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approximate equivalent C’, at the entering air temperature ft’. of the test made at the 
same fan speed under free delivery conditions: 


+ — pt's—t'e 
Cc #6 t——te 











where fs and t’. are the saturated steam temperatures of the receiving chamber test and 
the free delivery test, respectively, and f. is the entering air temperature of the receiv- 
ing chamber test. 


58. Check test of cfm. The volume of air, in cubic feet per minute, passing 
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through the nozzle, at final temperature as of test conditions, shall be calculated by the 
following formula: 
Volume = 1096 A Cl « K 
w 
where 4 is the outlet area of the nozzle in sq ft, VP is the differential pressure across 
the nozzle, w is the weight of air at the temperature in the nozzle and the barometer of 
test, and K is the coefficient of the nozzle. 
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59. Rating tests. The following result directly from test data: 
Average temperature of entering air in degrees Fahrenheit, te 
Average temperature of leaving air in degrees Fahrenheit, ts 
Temperature rise of air, tr = tr — te 

Saturated temperature of steam in degrees Fahrenheit, ts 
Pressure of steam, pounds per square inch, gage, p 
Barometric pressure, pounds per square inch, b 

Total or absolute pressure of steam, P = p + b 
Pounds of condensation per hour, C 

Latent heat of steam, R. 

The following are calculated directly from test data: 

Btu per hour as of test, H = (C X R) (1) 
(335.3. xX RX C) 
(60 X tr) 

61. It is generally impracticable to test heaters under exact predetermined 
entering air temperatures and steam pressures. Since, however, it is necessary to 
rate them under stated conditions, a standard procedure is given whereby data 


of test may be used for the determination of performance under any such desired 
conditions of rating. For this purpose certain basic assumptions are made. 


62. It is assumed that the volume of air handled by the fan or fans at the 
temperature in the fans, is constant for a given heater and fan speed regardless of 
temperature changes. 


63. The following graphic method of solution is prescribed. It requires at 
least three separate tests on each heater, each at a different fan speed, in order to 
secure enough points to establish the lines. The speeds selected—one low, one 
medium and one high—shall embrace the entire range of speeds for which the 
heater is to be rated. 


A. First plot a line, designated as the cfm or V line, as illustrated in Figs. 
4 and 5, showing the volume of air in cubic feet per minute V handled by the fan 
or fans, at the temperature in them, at various speeds. 


B. Points for establishing this line shall be computed from test data by the 
follawing formulae: 


Pa gr TOyRHBONOBaA 





Cfm, standard air, as of test, M = (2) 


(460 + te) 





For Blow-Through Heaters, V = [460 +70) (3a) 
(460 + te) 

- . = J ——— 

For Draw-Through Heaters, V 4 (460 4-70) (3b) 


C. Having determined this line, find by means of it at what speeds the fan 
or fans would have to run to handle an equal weight of air, in each case, at pre- 
scribed entering air temperature ¢’e and steam temperature t's. The equivalent 
volume V’ of this equal weight of air under prescribed conditions shall be computed 








as follows: 
: 1 yp (400+ te) 
For Blow-Through Heaters, V' = M (460 + 70) (4a) 
baal (460 + t's) 
For Draw-Through Heaters, V' = M (460 ++ 70) (4b) 


D. In solving Formula 4b it is necessary to determine the final temperature 
t's. Since for the same weight of air the temperature rise is proportional to the 
differences between the steam and entering air tempratures, the temperature rise 
t’, for the desired entering air and steam temperature condition is as follows: 
(t's — t’e) 
t's ee and 
(ts — te) (5) 
‘<= t', a t's 
E. Next determine the Btu per hour that would have been developed in each 
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case of test had the same weight of air been handled at other prescribed entering 
air and steam temperatures, as follows: 


(t's X 60) 
Btu = M—— 6 
a 55.3 (6) 
F. Now determine the Btu line by plotting these Btu values against the 
speeds (rpm) at which the heater would have to operate, in each corresponding 
case, to handle an equal weight of air, as of test, at the prescribed entering air and 
steam temperatures. 


G. In order to take off complete rating data at any specified heater speed it 


is desirable to add a line showing temperature rise, under prescribed entering 
air and steam temperature conditions, plotted against values of V. 


_ H. For determining the points that establish this line, the temperature rise 
in each case shall be found by means of Formula 5. These values shall be plotted 
against corresponding V’’ values obtained by Formula 4a or 4b. 

_ JI. The capacity of the heater in Btu per hour and the corresponding capacity 
in cfm of air measured at the temperature in the fan or fans both at prescribed 
entering air temperature and steam pressure and at any desired fan speed, can 
then be read directly from the chart. 

J. To do this, trace vertically upward along the line representing a selected 
speed to the points of intersection with the / and Btu lines. Then trace hori- 
zontally from these points of intersection to find cfm at temperature of air in 
fans (cfm) and Btu per hour on their respective scales. 

K. To find temperature rise, trace horizontally from the intersection of the 
speed line and V curve to point of intersection with temperature rise curve. Then 
drop vertically down to temperature rise scale. This temperature rise plus the 
prescribed temperature gives the final air temperature. 

L. The consistency of the values taken in this manner from the chart should 
be checked by equating them in the following formulae: 

60 (460 +- 70) cfimean t. 

55.3(460 + t'e) 

60 (460 + 70) cimean f. 

55.3(460 + ?#’r) 

M. If they do not check closely for each selected speed, the computations and 
plotting and, if necessary, the tests themselves should be carefully looked over for 


errors. If the discrepancy is negligible, however, the values may be brought into 
agreement by arbitrary adjustment of the temperature rise. 


N. If desired, the cfm at temperature of air in the fan may be converted to 
cfm of standard air as follows: 


Blow-Through, Btu = 





Draw-Through, Btu = 





Blow-Through, cfimsta. = cfimean— ma > - 
T. )+ 
Draw-Through, cimsta. = cfimran gee sy 


SAMPLE DATA—RECEIVING CHAMBER TEST 
HEATER A, Blow-Through Type 


Speed of fan at test 1772 1177 899 
Entering Air Temperature at Test (te) 73.4 65.5 75.0 
Final Temperature at Test (ts) 120.3 122.0 132.7 
Temperature Rise as of Test (tr) 46.9 56.5 57.7 
Condensation Ib per hour as of test (C) 94.5 75.75 59.5 
Saturated steam temperature at coil (ts) 230 230 230 
Absolute Pressure (P) 19.7 19.7 19.7 
Btu as of test (C x R) 90,700 72,750 57,200 
Cfm @ 70 as of test (M) 

w= 83 e R20) 1785 1188 914 


(60 x tr) 
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Cfm @ fan 
, (460 + te) 
= A Be a 798 2 
I 1 (460 + 70) 1798 1178 922 
Temperature Rise @ 60 F Entering 2 Ib steam 
Same weight of air as of test 
t'r = tr t's — e) oe e 
—S i” [= 48.6 55.7 60.4 
Volume at fan with 60 F Entering 2 Ib steam 
Same weight of air as of test 
7 (460 + t’e) 
v= M———_ = 5 
1 (460 + 70) 1753 1165 897 
Btu with 60 F Entering 2 Ib steam 
Same weight of air as of test 


t 
Btu = M ex 60) _ = 94,100 71,800 59,900 
HEATER B, Draw-Through Type 
Speed of fans at test 1743 1179 899 
Entering Air Temperature at Test (te) 86.3 85.8 90.3 
Final Temperature—-Fan Temperature (tr) 146.3 151.7 158.4 
Temperature Rise as of Test (tr) 60.0 65.9 68.1 
Condensation Ib per hour as of test (C) 407.74 302.0 235.75 
Saturated steam temperature at coil (ts) 229.5 229.5 229.5 
Absolute Pressure (P) 19.7 19.7 9.7 
Btu as of test (C x R) 391,500 290,000 226,000 
Cfm @ 70 as of test (M) 
(55.3 x Rx C) 
= = 3 
M (60 x tr) 6030 4060 060 
Cfm @ fans 
> (460 + tr) 
V = M ———_——— = 900 90 3570 
(460 + 70) 6900 469( 57 
Temperature Rise @ 60 F Entering 2 Ib steam 
Same weight of air as of test 
P (t's — t’e) “ » 
t = tr——— = 7 2 9.2 
r r a ae 67.9 74.2 79. 


Volume at fans with 60 F Entering 2 lb steam 
Same weight of air as of test 
(460 + ?t’r) 
vi = M———_ = 6 4560 3460 
(460 + 70) e038 “6 
Btu with 60 F Entering 2 lb steam 
Same weight of air as of test 
(t'r x 60) 
Btu = M 3 — = 444,500 327,000 263,500 
Note: In writing this Code, the committee had in mind the need for commercial simplicity and 
practicability, eliminating from the test procedure and computations certain complications which, 
while they would promote greater accuracy, are not, however, essential in producing results that are 
accurate within the tolerances established for this Code. These are, however, discussed in the addenda. 








ADDENDA 


Standard Code for Testing and Rating Steam Unit Heaters 


Al. These addenda include 

A—Recommendations for the construction and use of the equipment prescribed 
by the Code, discussed in more detail than was feasible in the Code itself. 

B—Discussion of refinements by which the Code test procedure can be elaborated 
by those interested in a higher degree of accuracy than the Code requires. 


Recommendations—Code Equipment and Its Use 


A2. A receiving chamber is prescribed by the Code in order to effect a 
thorough mixing of the air discharged from the heater so that its true average 
temperature can be read accurately, but the conditions in this chamber shall be 
controlled in such a way that the normal free delivery conditions of heater opera- 
tion are duplicated. 
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A3. Even though insulated, this chamber shall be relatively small, so the 
heat loss through its walls, which is neglected by the Code, will be a minimum. 
This leads to the specification in the Code of 20 to 90 air changes per minute. 
Yet the chamber must be large enough so that the velocity of the discharged air 
is reduced to 40 per cent (or less) of the outlet velocity through the net outlet 
area of the heater. This is desirable for accurate control of the pressure in the 
receiving chamber to produce free delivery conditions. It is further desirable 
that the discharge air pass from the heater outlet to the point where its tempera- 
ture is measured in less than three seconds. 


A4. With these requirements in mind the size and proportions of a suitable 
mixing chamber can be readily designed for a given size of heater. However, the 
manufacturer who has a number of sizes to be tested may want to provide a 
chamber, the proportions of which can be readily adjusted rather than provide 
two or more chambers for his range of heater sizes. For this purpose it is rec- 
ommended that the chamber be designed in the proportions that are correct for 
the largest heater, but that it be provided with two insulated partitions to be 
placed parallel with the air flow so that the width of a central passage through 
the chamber can be varied to suit the requirements of the smaller heaters. 


AS. Slides to receive these partitions can be built into the chamber so that 
the partitions can be moved from one to the other readily as required. An 
adapter plate will be required for each size heater to connect that heater to the 
fixed opening of the chamber. The openings in this adapter plate to receive 
the heater outlets should be so located that the heater outlet or outlets are cen- 
tered in the receiving chamber opening. 


A6. When the heater is operating under normal conditions of free delivery, 
there is a zero static pressure around the periphery of the heater outlet. This is 
the condition to be reproduced within the receiving chamber. In order to give a 
true reflection of this condition, the static orifices should be located in or near 
the plane of the heater outlet, and within 6 in. of the periphery of the heater outlet 
and not in the path of the air, i. e., not at a position where the static orifice can 
register velocity pressure. 


A7. Orifice plugs set into the walls of the chamber with their faces flush 
with the’ interior surface of the walls, have been found to give good results. For 
housed fan heaters or disc fan blow-through heaters, these orifices should be 
located in those walls of the chamber that are parallel to the flow of the air as it 
passes through the chamber. For disc or cone type fan draw-through heaters, 
where the fan itself is inside the chamber and has a tendency to throw off air 
radially, the orifices should be located in the end wall which is in or back of the 
plane of the heater outlet. No more exact requirements for the positioning of 
these orifices can be given in view of the wide range of the types of heaters in 
common use. 


A8. While it is correct to assume that free delivery conditions are repro- 
duced if zero static is maintained around the periphery of the outlets when the 
heater is connected to the chamber, it must be remembered that unlooked-for 
eddy currents within the chamber might influence the static orifices, no matter 
how well their location is selected, so that they would give a false reading of the 
true static condition. To guard against error from this source, a series of check 
tests is provided in the Code, so that the rating tests can be run at that reading 
of the static orifice draft gage at which the free delivery condensation of the 
heater is found to be duplicated. This reading might not be zero, but it should 
approach it. The fact that it may not be zero is accounted for by the possible 
influence of eddy currents or by the presence of unavoidable error in the check 
tests from which this reading was determined. 


A9. If the reading indicated by the check tests as reproductive of free 
delivery conditions exceeds + or —0.05 in. water column, it indicates either that 
errors in the check tests are greater than allowable or that some unexpected 
condition within the chamber has an undue influence on the static orifices. If 
this occurs, a repetition of the tests usually shows that the former is the cause. 
It may be necessary, however, to re-position the static orifices. 
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Al0. Since each size of heater at each fan speed produces a different condi- 
tion within the chamber, it is correct to repeat the check tests for each fan speed 
of each heater and the Code so provides when rating tests are to be made. 

All. Once the position of the static orifices is approved through check tests 
on one size of heater, it will be found that pressure readings indicated by check 
tests on other sizes of heaters will fall within a narrow range above and below 
zero. If so, check tests may be omitted from routine tests (not rating tests), 
without objectionable error, holding zero static uniformly throughout. 


Al2. The Code requires a check measurement of air quantity by means of 
a nozzle. Any form of nozzle or orifice may be used if it is properly calibrated 
but the form described in the Code is recommended and, if made to Code specifi- 
cations, need not be calibrated. 

Al13. While 3000 fpm is the minimum for the velocity of the air at the nozzle 
outlet, there is no maximum limit to this velocity except the practical one of the 
pressure required of the exhaust fan to overcome the high resistance of the nozzle 
at extreme velocities. If the exhaust fan has sufficient capacity to handle the air 
from the largest heater against the resistance of chamber and duct, plus a resist- 
ance of approximately 2% in. for the nozzle, only two nozzles need be provided 
for each chamber, one of one size for the first part of the range of the chamber 
and one of another size for the second part of the range. If desired to use an 
exhaust fan of lower pressure, one or more additional sizes of nozzle can be 
provided. 

Al4. It is important to prevent fluctuation in the temperature of the air 
entering the heater during the test and to prevent undue stratification of the air 
entering a heater having its inlet in a vertical plane. The size and arrangement 
of test rooms varies so widely that no specific recommendations are possible, but 
in general it is well to arrange the discharge from the exhaust fan so that most 
of the heated air is discharged out of doors or into a room that does not commu- 
nicate with the room from which the heater draws its air. It is well also to 
admit outside air to the heater through openings so large that their resistance is 
negligible, as outside temperatures vary but slowly and stratification will be a 
minimum. 

Al15. In selecting the type of manometer, it must be remembered that con- 
densation will collect above the mercury on the steam pressure side and lead to 
error unless compensated for. It is recommended that the manometer be so con- 
structed that a head of water is maintained above the mercury on the steam- 
pressure side, so arranged that its level will be maintained constant by means of 
an overflow return to the steam manifold. This water column should be con- 
fined in a chamber having a liberal cross sectional area by comparison with that 
of the manometer tube, so that changes in the level of the mercury column will 
affect the water level but little. The overflow level should be an accurately 
measurable distance from the scale of the manometer for accurate calibration. 


Al6. Where Thermocouples are used as temperature measuring instruments, 
the cold junction should be immersed in a medium kept at the temperature of 
melting ice, in order to increase the differential between the hot and cold junc- 
tions and thus provide for greater accuracy. 


Al7. Where heaters of larger capacity are being tested, the condensate in 
the weighing tanks accumulates with some rapidity and it is therefore advisable 
to provide weighing tanks with a rapid emptying device so that the condensate of 
one receiver can be disposed of before the other receiver is filled. 


Al8. For the check test, in order to produce free delivery conditions con- 
veniently and, at the same time, to remove from the test room the heated air 
discharged from the heater, it is suggested that the heater be set up with the 
heater outlets on a level with and directed toward the receiving chamber opening 
but separated from it by a distance of not less than 3 ft. Thus the air delivery 
of the heater will not be influenced either by the proximity of the receiving cham- 
ber or the operation of the exhaust fan which should be run at a capacity some- 
what greater than the air capacity of the heater. Also the heater can then be 
moved into position for attachment to the receiving chamber with a minimum of 

work, particularly if the piping connections are arranged with this in mind. 
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Provision and Corrections for Greater Accuracy 


A19. Some of the water condensed by the unit during test escapes through 
evaporation from the receiver. This loss is neglected in the Code after being 
minimized by covering the receiver. It may further be reduced by providing a 
cooling device in the return line to the receiver. Any error through loss by 
evaporation tends to give Btu and cfm ratings which are less than actual. 


A20. The Code does not require a correction for humidity. If the humidity 
at the time of the test is lower than standard and no correction is made, the Btu 
rating of the heater will be less than its actual capacity when the enering air is 
standard humidity and vice versa. 


A21. The Code prescribes that the air relief valve shall be slightly cracked 
to allow a thread of steam to escape in order to make sure that the coil is kept 
free of air. It would be possible, if any appreciable amount of steam escaped in 
this way, for this steam to carry with it a slight amount of water that would 
otherwise increase the weight of condensate chargeable to the heater. If a small 
pet cock is installed so that but a thread of steam escapes, it is considered that 
error from this source is negligible. Any such error is in the direction of low Btu 
and cfm ratings. Any such error might be avoided by substituting a thermo- 
static air valve for the pet cock, but it is then necessary to watch more closely 
for evidence of air binding. 

A22. The Code neglects the heat added to the air by the power expended to 
move the air through the heater. This makes for low Btu and cfm ratings. For 
the purpose of the Code, this error is neglected because it is so small in magni- 
tude and because it partially or completely offsets loss by radiation through the 
heater casing, which is opposite in sign in its effect on the air quantity rating, and 
which is also neglected in the Code. 


A23. For extreme accuracy the heater casing should be insulated and a fur- 
ther correction made for the heat loss through this insulation. Any unaccounted 
for loss from this source results in a higher indicated air quantity rating than 
actually delivered. If correction is made for this loss a correction should also be 
made for power expended to move the air. 


A24. In some heaters there may be a cooling of the condensate in the coil 
appreciably below the temperature corresponding to the pressure at the coil inlet. 
This transfer of heat from the liquid is not credited to the heater in the Code 
procedure which credits only the latent heat. Also the Code method neglects 
any heat of superheat. 


A25. If greater accuracy is. required, the temperature of the condensation 
may be taken and the heater credited with the difference in total heat of the steam 
entering the coil and the water leaving the coil. It is sometimes difficult, how- 
ever, to maintain such constant conditions in the coil as will provide a constant 
temperature of the condensate, unless the steam pressure used for the test is 
materially above that suggested in the Code for low pressure heaters. 


A26. Any error from this source produces a rating that is less than the 
actual, but that in amount is negligible for the purpose of the Code. 


A27. The Code requires no correction for the barometric pressure or humid- 
ity in applying the factor 55.3. This error would influence the air capacity rating 
in either direction, depending on whether the barometer and humidity during 
test were high or low. For greater accuracy, use the factor correctly computed 
for the humidity and air density as of test. 


A28. In addition to assuming a constant volume of air at the fans for a 
given fan speed, regardless of changes in the temperature of the air, the Code 
further assumes that the fan motor speed will not change when handling a given 
quantity of air at the varying densities of the air that will result from varying 
its temperature. 

A29. This will not be true in practical operation where heaters are equipped 
with motors whose speeds vary with the load. This fact has no bearing on the 
Code test procedure and the methods of computations which deal only with fan 
speeds, without consideration of the size and characteristics of the motor neces- 
sary to produce those speeds and which result in true ratings for a given entering 
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air temperature, steam pressure and fan speed. For greater accuracy in rating, 
however, it would be necessary to determine the speed at which a given motor 
would drive the fans when handling air at the temperature which would result 
with a given condition and rate the heater at that speed. 


DISCUSSION 


L. W. Cuitp: The code has been very thoroughly studied and it lines up 
almost exactly with our method of testing suspended unit heaters. However, 
we have added a condensate cooler to the condensate line. Sometimes we test 
with steam under pressure of 60 to 100 lb and without a condensate cooler we 
find the water bursts into steam and our percentage of loss is large. 

For example, at 5 lb there is a possibility of 14% per cent error due to not 
having condensate cooled down to room temperature. That is the maximum 
possible error. 

Another point to be considered is the method of checking the amount of air. 
In our calculations we check the amount of air that the fan is delivering. We 
make this check with a Pitot tube or by means of a calorimetric method, using 
an electric heating coii and a watt meter. Temperatures are taken on each 
side of the coil, the thermometers being shielded from the radiant heat emitted 
by the electric element which otherwise would give quite an error. 

One code requirement that we do not agree with specifies that the initial tem- 
perature is to be taken at some place which would give a reasonable degree of 
accuracy. We have yet to find a place in a suspended unit that will give a rea- 
sonable degree of accuracy, although we have tried every method to get them 
within 2 deg. We have even set the unit in rooms where we have had initial 
velocities through the room of 600 fpm and tried to obtain accurate temperature 
readings at the inlet, but we have not been able to do so. Therefore, I feel 
that we should take the inlet temperature as closely as possible and then having 
the air volume from the check method, and having the final temperature accur- 
ately, we can compute the initial temperature from these two figures and from 
the amount of condensate collected. 

Then, if we find that the initial temperature that we get by computation cor- 
responds to the average temperature that we have read over the inlet of the 
unit, we can be pretty certain we are right. In other words, we use inlet tem- 
peratures as a check instead of cubic feet per minute. 

O. G. Wenvev (Written): The comments which I desire to make on the 
code will be taken up in three parts as follows: 

1. The Code Edition January 1930. 

2. Recommended revision of testing equipment. 

3. Recommended revision of test computations. 

The code edition January 1930 starts out with definitions. It is believed that 
the code should start with a statement regarding the unit heater as follows: 

The unit heater tested should be a stock unit standard in every respect con- 
taining a steam tight heating element at the steam pressure tested. It is be- 
lieved also that the unit heater fan and motor should be run for approximately 
a day before testing to break in the bearings. 

Article 1 under Definitions defines standard air weighing 0.07488 Ib per cubic 
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foot corresponding to dry air at 70 F or air at 50 per cent relative humidity with 
dry bulb to 68 F and barometric pressure of 29.92 in. mercury. The weight of 
dry air at 70 F and 29.92 in. mercury is generally considered at 0.07492 Ib per 
cubic foot. If such is the case, it is the writer’s opinion that the standard air 
should be limited to one condition. 

Article 15 states that four tests must be run in order to obtain one set of 
rating data. It is believed that the number of tests necessary could be reduced 
to two tests. More will be said about this later under Recommended Revision 
of Testing Equipment. 

Article 45 states that the test pressure should be controlled manually. It is 
believed that test pressure control could also be accomplished by an automatic 
pressure reducing valve. 

Article 56 introduces a value of 55.2 in formula 2 which is incorrect if based 
on the values given in Article 1 for weight of air and specific heat of air. Using 
the values of Article 1 this figure would be 55.3. 

Article 59 and Article A-26 state that the code is based on the assumption that 
for a given fan speed, a constant volume of air is handled by the fan or fans at 
the temperature in the fan or fans regardless of air temperature changes. This 
procedure is not followed out in the computation formula under Computation 
of Results, nor in the sample computations which include formulae and com- 
putations based on equal weight of air handled at a given fan speed regardless 
of temperature changes in the fan or fans. The code therefore is inconsistent. 

The sample data show values for temperature rise at 60 F entering 2 lb steam 
and for Btu with 60 F entering 2 lb steam which are not correct if computed 
according to the prescribed formula. The values listed are consistent and approxi- 
mately 2 per cent too high. It is not believed that Article 12 implies that 2 per 
cent should arbitrarily be added to computed results. 

Article A-14 implies that thermocouples should not be used for air tempera- 
ture measurements. It is believed that the last sentence of Article A-14 should 
be stricken from the code because the required accuracy is readily obtainable 
with a proper thermocouple installation. 

Recommended Revision of Testing Equipment. The necessity of four tests 
required by the code is due to the uncertainty of duplicating free air discharge 
performance in the zero static chamber connected to the unit heater air outlet 
or outlets. It is believed that the introduction of the zero static chamber at 
the inlet side of the heater will reduce the testing requirements to two tests per 
set of output data. 

The following brief description of the recommended test set-up and procedure 
can be used to accomplish these results: 

1. Place the unit heater in an air tight zero static chamber permitting the 
unit heater to discharge freely outside of this chamber. 


2. Measure the air supplied to the zero static chamber in a round duct with 
air flowing at 2,000 to 3,000 fpm by means of a Pitot-tube. 

3. Compute outlet air temperature from condensation and air volume. 

4.: A second test should be run without the zero static chamber or with one 
or more walls of the zero static chamber removed so as to obtain the condition 
of free air delivery to and discharge from the unit heater. This test should ob- 
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tain condensation of quantity within plus or minus 2 per cent of the first test. 
It is assumed that both tests are run at same fan speed, same steam pressure 
and inlet air temperature. Where the latter varies from that of the first test, 
proper condensation corrections should be made to obtain the comparative -con- 
densation value. 


The foregoing testing equipment is similar to that of the code except for the 
type and location of the zero static chamber. 


Recommended Revision of Test Computations. The latter part of June 1928 
I was called upon to compile certain unit heater performance data. In so doing 
it was necessary to evolve a method of computation based on equal volume of 
air handled at a given fan speed regardless of the air temperature in the fan 
or fans, using as a basis results obtained from tests. 


This method of computation starts with the equation of the logarithmic heat 
transfer coefficient given in terms of the velocity of standard air, or volume of 
standard air if desired, passing through the unit heater. This information, de- 
termined from actual test data of three tests run at three separate fan speeds, 
is used together with the heating surface of the heater in setting up a perform- 
ance equation, all factors of which are known but the final air temperature for 
any prescribed condition of volume of air handled, measured at the temperature 
of air in the fan, steam temperature and inlet air temperature. The final 
formula so obtained will take the form— 


For the draw-through type of unit heater: 


te 


530 I-n T, — t. 
Cral Vets X sare < log. => 


460 + t. 
For the blow-through type of unit heater: 


; 530 oa T.—t. 
c=("x Sega) x be (Fz) 


, in which 


where 


= * 
C=a constant for the heater— 1087 a 


C,=a constant of the equation, K=C,V" (std), and 
S 


—-heating surface per unit free area of heater 


A 
Vt,—velocity of air at ¢, through heater free area feet per minute 
Vt.—velocity of air at t, through heater free area, feet per minute 
t,—temperature of entering air 
t,—temperature of final air 
T,—temperature of steam 
n=—exponent of velocity in the coefficient equation 
The foregoing method of computation presents a basis for the determination 


of output data for steam pressures and inlet air temperatures other than that 
required for standard 2 lb steam and 60 F inlet air. 


Since unit heaters are invariably selected for inlet air temperatures and 
steam pressures, other than the conditions of standard rating, 60-F inlet air 
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and 2-lb steam, it is believed that provision should be made in the Code to 
cover such output data. 

Mr. Cuitp: Mr. Wendell has brought up the fact that in a unit heater the K 
value against air velocity has a definite mathematical relation. On draw-through 
units I have found by test this seems to be the case when pounds of air per 
minute are used as velocity, but where we have a blow-through unit heater, 
with a disc fan in back of it, I have yet to be able to get any pure mathematical 
relation between K value and mass velocity of air. 


On the suspended type of unit heater, that is the blow-through type, due to 
the fact that there is a great deal of eddying caused by the fan, the K value of 
the unit for a given mass velocity is always greater than the K value found 
when the unit is placed in a duct and with a separate fan in place of the disc 
fan. This phenomenon does not seem to be present in the draw-through units. 
Therefore, I have found that we cannot take two or three points and plot a 
curve on logarithmic paper of K versus mass velocity and get a straight line. 
We find it necessary to plot the curve on plain coordinate paper so as to deter- 
mine the K value for different fan speeds. The fact that some disc fans have 
various characteristics at various speeds causes this varying K-value curve. 
Incidentally K values should always be predicted on the logarithmic mean tem- 
perature difference between air and steam. 

I have taken test data and computed results by the test code method and by 
the theoretically correct method and find a difference of only 1.4 per cent in the 
results. This difference was due to the large temperature difference between 
air and steam. I therefore feel the test code is entirely satisfactory for all 
normal work. 


E. J. VERMERE (WRITTEN): Where mechanical circulation of air is em- 
ployed in connection with the distribution or diffusion of heat, we know that a 
measurement of the weight of steam condensed is not by itself a criterion of 
effective heating results. This theory has in a limited way been very clearly 
demonstrated by the results obtained in the series of tests at the University of 
Illinois on radiators with and without enclosures. Professor Willard and asso- 
ciates gave a summary of these results in the paper entitled, Investigation of 
Heating Rooms with Direct Steam Radiators Equipped with Enclosures and 
Shields, TRANsAcTIONS, 1929. 

A summary of this test work clearly shows that more effective heat distribu- 
tion or diffusion can be obtained by directing the gravity flow of air in a definite 
manner. It is also shown that the amount of heat or rather the amount of con- 
densation is reduced approximately 15 per cent with the ideal application. In 
general practice we have proportioned the amount of heating surface solely 
on its condensation rating. Therefore, for an application exactly as recom- 
mended, we would increase the amount of heating surface from 10 per cent to 
25 per cent. We can now understand why the system may be entirely out of 
balance. Are we not starting our unit heater test work in exactly the same 
manner ? 

The proposed code as far as the mechanics of obtaining accurate condensation, 
flow of air, and temperature rise data, is very exacting, and all of this informa- 
tion must be obtained by some uniform means. According to our analysis the 
total of all the percentages of error which may be obtained under this method 
of testing is approximately 2.6 per cent. 
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As far as effective heat distribution is concerned, this proposed code entirely 
ignores heat diffusion. Is it not possible to establish an additional factor based 
on outlet air temperature, volume of air circulated, and height of discharge 
above floor level? By applying this correction factor to the heat output of the 
unit, the engineer can always be assured of the most successful heating results. 
When we ignore both the velocity and the temperature of the air leaving the 
unit, we are then establishing a rating solely based on condensation. 


We realize that two unit heaters of greatly different air volumes and outlet 
temperatures, may both put into the space to be heated the same number of heat 
units per hour. The low velocity unit may recirculate 4000 cfm with an outlet 
temperature of 160 F and the high velocity unit 6700 cfm with an outlet tem- 
perature of 120 F. 


The heated air leaving the unit is pulled towards the upper areas of the room 
by the aspirating force. This force of buoyancy is proportional to the tem- 
perature differential between the air leaving the heater and the room tempera- 
ture. The only force operating against this aspirating pull is the force or 
velocity pressure of the moving stream of air. The greater the temperature dif- 
ferential, the greater the aspirating pull, and the lower the velocity the less the 
velocity pressure. 


We know that outlet air temperature is important in connection with unit 
ventilation work where good diffusion of the air within the room must be 
obtained in order to give good ventilation results. In order to prevent air 
stratification which in turn prevents proper diffusion, outlet air temperatures 
are limited in this type of work to between 100 and 110 F which of course 
depends upon the outlet velocity. This fundamental principle of diffusion must 
certainly apply to unit heater application. 


The question may arise as to why this fact has not been self evident long 
ago. In designing unit heater applications, we figure the heat losses from the 
building exactly the same as we would for an installation of direct radiation. 
In selecting the number and size of unit heaters on the basis of a condensing 
capacity equal to that required with direct radiation, we then have sufficient 
capacity to heat the space from the top down exactly as occurs with the con- 
vection heating of direct radiators or pipe coils. What should the owner pay 
for this excessive heating capacity? 


The greatest service our Society can do is to start at once to obtain data 
regarding heat diffusion in relation to temperature differential and outlet ve- 
locity. Professor Willard has clearly shown what may be expected along these 
lines. This is altogether too big a subject for a manufacturer to tackle by 
himself, and in order to insure reliable information along these lines, this work 
should be sponsored by our Society. For the present the only method of 
rating unit heaters must necessarily be that of steam condensed per hour. 


W. A. Rowe: There has been a necessity for a code without a question of 
doubt. Since the advent of fin-tube radiation and cellular type radiation the 
unit heater has made tremendous progress. I was told last week that there were 
63 manufacturers of unit heaters; and that was last week. There has been a 
necessity for a measuring stick and we have been working for two years to 
get something that everybody can use. Our Committee was composed partially 
of fan men and partially of men who have not been active in fan work. As 
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pointed out at the Bigwin meeting in June, 1930, there were differences of opinion 
in the group. Nobody questioned the method of getting the condensation, and 
I do not think that needs any particular comment. The only question was, How 
to obtain the correct volume of air? It was desired by the fan men that they 
measure the air, but when we tried to put a Pitot tube test in the code some 
of our friends were not quite so consistent in the results they got; they could 
not get them very close. 


It was suggested that the volume be calculated from the temperature rise and 
condensation. The best advice we could get was that you could not get a result 
with that method correct within probably better than a difference of the order 
of 4.5 per cent. Well, we then called on the Society for help. The University of 
Kentucky was asked to tell us how close they could come to the correct volume of 
air by the two methods. Professor O’Bannon undertook those tests which were 
reported at the last meeting. As I recall it, his average temperature variation 
was 2.5 per cent with thermometers, and with thermocouples 0.5 per cent. Ex- 
ceptions have been taken to thermocouples. Resistance thermometers were pre- 
ferred. Your Code Committee very wisely left out that debatable point and let 
you use what you please as long as you take the correct temperature, but it satis- 
fied us that either way is all right, and if that is true within reasonable tolerance, 
we are going to pick the easy way. 

The easy way is by calculation from the measurement of the temperature 
rise, if it is surrounded with reasonable precautions. The first is to mix the 
air and, secondly, measure its temperature at a reasonable high velocity. This 
we have done. Finally the question arose, Shall we check the volume by direct 
air measurement? We did not say at first that it had to be done. Some of the 
more technical men said, That is not right, somebody is going to make a poor 
heater. If the heater should not free itself readily of condensate you are not 
going to get the right amount of water. You should check the air volume 
to be sure. 

Now, measuring the temperature at that high velocity in the nozzle lends 
itself beautifully to a nozzle test, and anybody who has tested for air volume 
knows how simple it is with a calibrated nozzle to get the air velocity with 
one reading on the manometer and how much more accurate it is than a Pitot 
tube traverse. And so we have a very happy solution. You do not have to 
have a test duct 10 or 15 diameters long. All you need is a pipe to attach to a 
fan inlet and draw through that orifice and get the velocity reading. At the 
same time you get the temperature rise. 


There is one more point. We have had very able engineering advice on 
this code. Some of us have not been engaged in the actual test work for many 
years. Some of us have forgotten most we ever knew about the highly scientific 
side of it, but we have had some good brains on the committee. Our worthy 
new president was with us and Professor O’Bannon and members of the en- 
gineering force of the different groups. We know that there are a lot of 
hair-splitting differences that you can not account for. We didnot quibble 
about how much heat the motor gave to the air current because we were going 
to lose a little heat radiated from the housing. We did not worry whether 
there was 10 deg of superheat or 2, as long as there was some. 

We have a code that is easy to use; it is accurate within a range of a com- 
mercial exactness and that is what we are after, and that is what we need, and 
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if everybody uses it we are all in the same boat. The yardstick is not 39 in. 
long ; it is pretty close to 3 ft. I think we can spend too much of this meeting’s 
time to question little changes. If there are corrections to be required in the 
mathematics, they will be taken care of in the new draft, because it has to be 
rewritten to take out some of the typographical errors and to provide for the 
change recommended in making the air volume test mandatory. I would like 
to see the Society adopt this code, because it is all right and it will afford an 
opportunity to take up some other important work, but right now we want this 
code and we do not want to let it go another year. 


L. S. O’Bannon: I just want to answer one point that the speaker brought 
out and that is that the method described in the code for correcting for entering 
air temperature and steam temperature is certainly based on the principle of 
constant volume at the fans. In spite of the fact that during some of the com- 
putations constant weight is assumed, later on in the method corrections are 
made in a logical way for the original assumption of constant weight to bring 
the calculations in agreement with the method of constant volume. 


D. E. Frencu: The condensate cooler suggested by Mr. Child is recog- 
nized in the Addenda as a provision for greater accuracy than is thought neces- 
sary for the purpose of the Code. A check of the air quantity determination 
by alternate methods is highly desirable. The Code Committee chose a cali- 
brated nozzle for a check by direct measurement, as being perhaps the simplest 
to use. 

Mr. Child is correct in his observation that it is difficult to hold the entering 
air temperature constant over the plane of the heater inlet and to read a true 
average. Here, however, the variations can be held to 2 deg if the air is drawn 
from a room that has liberal openings to the outside and the output of the unit 
being tested is delivered outside. Then if a number of thermometers are dis- 
posed over the inlet with the judgment that may be expected of a test engineer, 
their average should be true within the accuracy contemplated by the Code. 
Mr. Child’s suggestion that the inlet temperatures be checked back from the 
outlet temperatures, assumes that the reading of the latter is more accurate. 
This is a false assumption. We have found that in spite of all the precautions 
of the mixing chamber and a high velocity area where the temperatures are 
read, the variation at this point is also in the order of 2 deg. However, this 
represents a great improvement by comparison with the variation of 30 deg 
found over the face of some disc fan heaters and 10 deg over the outlets of 
multi-housed fan heaters, when the mixing chamber with high velocity outlet is 
not used. 


Mr. Wendell’s discussion which I had not seen prior to its reading at the 
meeting, contained more subject matter than could be properly assimilated and 
discussed on the floor of the meeting. Thus I want to present the following 
answer to his discussion after having an opportunity to consider it with the 
care that Mr. Wendell’s interest in the Code deserves. 

It is true that the Code will be most used by manufacturers for the test and 
rating of standard units, but to confine it to use with stock units, as Mr. Wendell 
suggests, would restrict its usefulness for the test and rating of units especially 
designed for individual applications, of which so many are produced. 

It would be in the direction of further accuracy to require that the unit be 
operated for a day before test, to break in the bearings, but this is not necessary 
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in the opinion of the Committee, because excess bearing friction in the amount 
that it would be necessary to consider, is extremely unlikely in present day 
manufacture and further because the Code is primarily for the benefit of the 
purchaser, and the manufacturer can be assumed to avoid anything that would 
result in a too high power rating. : 


Standard Air is defined as shown in the Code, in order to agree with the 
Standard Code for the Testing of Disc and Centrifugal Fans, which has already 
been adopted by this Society. 


While the steam pressure might be controlled automatically, the equipment 
therefore could not but add materially to the expense of the test apparatus and 
would not, in the opinion of the Committee, eliminate the need for constant ob- 
servation of the manometer as a check. Thus it seemed better in the interest 
of simplicity and economy to depend upon manual control. 


Mr. Wendell’s observation that the value 55.2 should be 55.3 for the weight 
and specific heat of air given in the Code is correct. This change will be 
made. 


Professor O’Bannon’s remarks and a further study of the Code will have 
shown Mr. Wendell his error in believing that the Code is not consistent with 
the assumption of constant volume at the fans. Undoubtedly he has confused 
weight of air and volume of air. The volume of air at the temperature of the 
fans is determined by means of the first two formulae for the fan speed of test. 
This volume remains constant for that fan speed, regardless of conditions of 
entering air temperature and steam pressure. 


The succeeding formulae and graphical solutions are for the sole purpose of 
determining the heat output for any other condition of entering air temperature 
and steam pressure than those of test and have nothing to do with air quantity 
rating. This output for some other condition of entering air and steam pres- 
sure might be determined directly from the output of test in the proportion of 
temperature difference between entering air temperatures and steam tempera- 
tures, if it were not for the fact that this proportion applies only where the 
mass velocity through the coil remains constant. 


It is obvious that if the air entering the heater were at some other tempera- 
ture than that of test and the volume remains constant at the fans, the weight 
of air passing through the heater and therefore the mass velocity through the 
coil would not be the same as on test. 


In recognition of this fact, the code next determines at what speed the heater 
would have to run to handle the same weight of air as of test at the desired 
entering air temperature and steam pressure, and what the heat output would 
be under these conditions. On the curve plotted with these values for each of 
the three test speeds, the output of the heater can be read for the standard fan 
speed. 

The foregoing will also clear up Mr. Wendell’s criticism of the values com- 
puted for temperature rise with 60 F entering, 2 lb steam, and Btu with 60 F 
entering 2 lb steam. Naturally it is not the intention of article 12 to imply that 
the tolerance factor may be added arbitrarily to obtain a rating higher than that 
justified by test. 


Mr. Wendell is right in suggesting that the last sentence of Article A-14 








188 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


implies too strong a criticism of thermocouples for this use. This sentence 
will be omitted. ; 

As a preface to a discussion of the alternate methods of test and computation 
recommended by Mr. Wendell, let me make it clear that there are many methods 
other than those prescribed by the code which may be equally accurate and 
that have much to recommend them. It was the task of the Committee to con- 
sider as many of these as it could get information on and select one which 
had the most to recommend it for the purpose of the code and for which 
could be obtained the endorsement of the majority of the engineers and manu- 
facturers who specialize in unit heaters. 

The test set-up requiring a zero static chamber at the heater inlet, as suggested 
by Mr. Wendell, is one of those considered by the Committee. The main ob- 
jection was the fact that this method depends entirely on direct measurement 
of air quantity and does not allow a check of this measurement by condensation 
temperature rise determination. 

Of the four check tests required by *he code for calibration of the receiving 
chamber at the heater outlets, Mr. Wendell’s method would eliminate but three 
of % hour duration each, during which it is necessary to measure only the con- 
densation and chamber pressure.. These, therefore are not laborious and their 
elimination is not nearly so much to be desired as the value of having a check 
of the air quantity. 

The Committee’s chief criticism of the method proposed by Mr. Wendell for 
computation, is the same as that expressed by Mr. Child. Mr. Wendell’s method 
depends upon the coefficient K separately determined for the heating surface. 


He assumes that this coefficient varies only with velocity and temperature dif- 
ference. This is not the case with disc fan, blow-through heaters for instance, 
where the coefficient depends also on turbulence which, with the same quantity 
of air going through the heater, may vary with the type of fan, the distance of 
the fan from the surface and the extent to which the diameter of the. fan covers 
the area of the coil. 


Mr. Wendell has said that the code should have provision for determining 
ratings at alternate entering air temperatures and steam pressures. He has over- 
looked the fact that the code has such provision. As stated in Article 58, a 
standard procedure is here given whereby data of test may be used for the 
determination of performance under amy desired conditions of rating. The 
code is illustrated with sample computations and curves which convert the test 
results to the basis of 2 lb, 60 F. However, values for any other entering air 
and steam conditions can be determined by substitution of the corresponding 
temperatures. 

It is true that this method is not available to the engineer in the field who 
may want to convert from a rating at one set of conditions to that at another set 
of conditions which may not be shown in the manufacturer’s published data. 
However, the Committee has been unable to devise an accurate method which 
is independent of the characteristics of the heater and could therefore be applied 
equally well to all types of heaters. 

So far, we are sure only of accuracy where the method is based on data 
which reflects the characteristics of the individual heater. 

Until such a method is found, it will be incumbent upon manufacturers to rate 
at a sufficient number of entering air temperatures and steam pressures to cover 
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every range of use, depending upon the engineer to interpolate for approximate 
values at intermediate conditions not shown. 


An alternate method in use by one manufacturer is to devise from test data 
reflecting the characteristics of the heater in question a table of factors by 
which the heat output rating of that heater can be multiplied, to determine the 
rating for any condition of entering air and steam pressure. 


Mr. Vermere’s plea for a code that will rate unit heaters in terms of effective 
distribution voices a creditable ambition that this Society might well entertain, 
but not without a clear realization of difficulties that Mr. Vermere’s paper fails 
to express. I feel sure that in reading this discussion as bearing on the code, 
it was not so much Mr. Vermere’s intention to criticize the code, as it was 
to use the occasion for drawing attention to a need beyond the present scope of 
the code. Indeed the code is best construed as the first step and the only step 
just now practicable towards the end he seeks. 


When the code is adopted, published and generally accepted, the public will 
have uniform ratings ‘that are comparable and a rating will include all of the 
information necessary to an intelligent selection. This is the first step. Thus 
the greatest need is taken care of. Next, it might be desirable to guide the 
public with some evaluation of the factors making for economy in different 
applications, but it must be recognized that progress in this direction must be 
slow and laborious. 


It has taken three years for a representative majority of test engineers and 
manufacturers most familiar with unit heaters to agree on a relatively simple 


problem of standardizing methods of physical measurement under conditions 
that are easy to define and make uniform—methods prescribed to evaluate char- 
acteristics that are common to all products of the class without respect to design 
or application and that bear no reflection on the engineering judgment of the 
designer. 

So, it will be a laborious proceeding to establish agreement on such a complex 
subject as the distributing effect of unit heaters, which depends not alone on 
attributes of the unit itself but on surrounding conditions, purpose of use, char- 
acteristics of buildings and relative location of the unit. It will require the 
reconciling of widely opposed engineering views that now obtain in this stage 
of development of a relatively young industry. 

I am heartily in favor of the Society’s embracing such a project, but with full 
realization of the following conditions: 

1. Unit heaters have many uses requiring different characteristics for effec- 
tiveness or economy. Thus a code for unit heaters would not do. There must 
be a separate code or manual for the heater in application to each broad use. 
Taking for example only those factors dwelt on by Mr. Vermere, a temperature 
rise most effective for recirculating heating would not be sufficient for a ventilat- 
ing unit and that best suited to ventilating might still be insufficient for a dry- 
ing purpose. An outlet velocity suited to a large area might be intolerable for 
a smaller room. A location effective for room heating might not be best for 
vapor absorption or removal of roof condensate. 

2. A single committee can only simplify and eliminate to some degree the 
need for the application of engineering knowledge. 


3. Nor can a single committee assume authority to select among the prin- 
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ciples that are still contested among specialists of wide resources and experi- 
ence, where these principles cannot be reduced to positive test and remain a 
matter of opinion until agreement is reached through growing experience. 


4. The labor of collecting data and the endless tests required to determine 
the value of any one of the factors to be rated, with that degree of accuracy 
expected of a code in the usual sense, would be entirely beyond the resources of 
the Society. 

Growing experience in the industry has brought general agreement on some 
principles. The value of a high air ratio pointed out by Mr. Vermere is an 
example. These could be valued and standardized within reasonable limits for 
certain broad uses and widely published to make general acceptance certain. 
Agreement on other principles may only await the cataloging of opinion and 
data already available, by a committee of broad view, such as the Society might 
provide. 

Thus it might be practicable for a Society committee to undertake the work 
of assembling available data, with the intent to provide a manual of selection 
and application of unit heaters which might insure general recognition of 
accepted standards and guide engineers in their selection for a given purpose, 
from the range of unit heaters available. 


Such a committee would find an ally in the Engineering Committee of the 
Industrial Unit Heater Association. That Committee is now discussing the 
problem of accelerating that standardization that would come in time in this 
industry as it has in others, through the gradual elimination of opposing designs 
as growing experience dictates the better practices. 

PresipENT Lewis: Are you ready for the question? The motion before us, 
made by W. A. Rowe and seconded by Perry West, provides that the Report 
of this Committee as presented be adopted as the Society’s Standard Code for 
Testing and Rating Steam Unit Heaters with such minor corrections as may 
be approved by the Committee before the final printing of the Code and its 
distribution to members of the Society. The motion was carried. 
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SUGGESTED METHOD OF TESTING UNIT 
HEATERS SUITABLE FOR FIELD USE 


By L. S. O’Bannon,’ Lexineton, Ky. 
MEMBER 


the warm air leaving the unit does not have a uniform temperature or 

velocity. The average of the readings of several thermometers located 
at the discharge outlets may not give the true average temperature of the total 
weight of air discharged. Instances have been reported, however, where satis- 
factory temperature readings have been made in this way but these instances 
seem to be exceptions. Accuracy in observing the final temperature of the 
air is vital to the condensate-temperature rise method of computing air volume. 
If this method is used it*is necessary either to obtain a weighted average, 
which requires the determination of velocities, or to force a uniform tempera- 
ture by providing some means of mixing the air. The latter system is generally 
favored. The weighted average method is seldom attempted. 

It is the purpose of the writer to describe a method by which the air volume 
output may be obtained accurately with a minimum amount of auxiliary equip- 
ment. The method may be used in the laboratory or in the field. It is 
especially recommended for field tests, first, because of its simplicity, and 
second, because its simplicity is not secured by sacrificing accuracy. 

The method has been named the condensate-nozzle method. The under- 
lying principles are the same as those upon which the condensate-temperature 
rise method is based. The heat output of the unit is found in the usual 
manner by measuring the steam condensing capacity of the heater. Air vol- 
ume outputs are computed indirectly from the temperature rise and the heat 
given up by the steam. The distinctive feature of the condensate-nozzle 
method is the graphical means employed to arrive at certain unobserved final 
temperatures. The procedure is as follows: 

Let it be required to obtain for three different fan speeds, say 1750, 1160 
and 870 rpm, the heat output, air volume output and final air temperature of 
a unit heater of the draw-through type illustrated in Fig. 1. The steam pres- 
sure is to be 5 lb per square inch. The unit is arranged for a heat output test 


I N TESTING unit heaters it has been the experience of most observers that 





1 Professor of Heat Engineering, University of Kentucky, Lexington, Ky. 
Presented at the 36th Annual Meeting of the American Society or HEATING AND VENTILATING 
Encineers, Philadelphia. Pa., January, 1930. 
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as shown, and, it should be noted, is free from any abnormal restrictions to 
air flow. 


Three heat output tests are made, as near the specified speeds as possible. 
Let it be assumed that these tests yield the data as given in Table 1, Section 
A. No observations of final temperature were made and therefore it is im- 
possible to calculate the air volume output. 


The next step is to remove the diffusing outlets of the unit and place in 
their stead a venturi-shaped nozzle as shown in Fig. 2. The inlet section of 
the nozzle covers all the outlets of the unit. The throat has a relatively small 
diameter sufficient to cause an air velocity of 1,000 fpm or more as determined 


. 

















Fic. 1. Unir Heater ARRANGED For Heat Output TEst 
WitHout Any ABNORMAL REstTRICTIONS TO Air FLow 


from the lowest air volume output anticipated. The purpose of the diverging 
outlet cone is to reduce the over-all resistance of the nozzle. Four thermometers 
are inserted at the throat section for measuring the final temperature. Three 
more tests are now made with results as shown in Table 1, Section B. 


If the data of tests, 4, 5 and 6 are used to plot a curve showing the relation 
between final temperature and heat output this curve can be referred to, to 
obtain the final temperatures for tests 1, 2 and 3. However, the relation 
between heat output and final temperature varies with the entering air tem- 
perature. Therefore, it is necessary to reduce the data of tests 4, 5 and 6 to the 
same entering air temperature as tests 1, 2 and 3. This requires three separate 
transformations since the values of the entering air temperature for the first 
three tests are not the same. Leaving the method by which the transforma- 
tions are made for later discussion, Table 1, Section C, gives the corrected 
values. 
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The curves are plotted as shown in Fig. 3. The final temperatures cor- 
responding to the heat outputs of tests 1, 2 and 3 are read from the curves, 
thus completing the data of these tests as shown in Table 1, Section D. Since 
an entering air temperature of 60 F is used as a basic temperature for the 
purpose of rating, the transformation to this base may be made most con- 

















Fic. 2. Unit Heater witH VENTURI NozzL—E ATTACHMENT 
Fork Aik VoLUME TEsT 


veniently at this stage before continuing the calculations. The converted 
figures are given in Table 1, Section E. 


The air volume outputs are now calculated. The curves are plotted as 
shown in Fig. 4, giving the relations between fan speed, the volume of air 
in cubic feet per minute, the final temperature and the heat output in Btu per 
hour. It only remains to select from these curves the proper values cor- 
responding to the three fan speeds specified at the beginning. The results are 
summarized in Table 1, Section F. 


If it had been required to find the output of the unit at only one speed, for 
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TasBLe 1. SumMaAry oF TEST DATA 
Heat Air 
Vol 
Section pot Speed thir Y a cu “ft ‘per 
eo rpm Temp.—F Temp.—F Per Hour Min at 
Fans 
1 1751 ff ae eer 182,900 
A 2 1184 Ss eee ae ee 135,500 
3 788 , > ee ee 97,600 
4 1752 68.9 133.0 205,300 
B 5 1175 69.7 139.8 153,400 
6 794 74.1 149.2 109,600 
4 1752 87.9 145.1 179,600 
5 1175 87.9 150.6 134,800 
6 794 87.9 156.7 5 
4 1752 87.8 145.0 179,600 
Cc 5 1175 87.8 150.5 134,800 
6 794 87.8 156.6 99,200 
4 1752 90.7 146.8 175,600 
5 1175 90.7 152.3 132,000 
6 794 90.7 158.3 97,200 
1 1751 87.9 144.9 182,900 
D 2 1184 87.8 150.5 135,500 
3 788 90.7 158.2 97,600 
1751 60 126.8 221,000 3403 
E 1184 60 133.8 164,000 2310 
788 60 141.3 120,900 1567 
1750 60 126.8 221,000 3390 
F 1160 60 134.2 162,000 2280 
870 60 139.7 130,000 1720 























example, at the rated speed of an alternating current motor, the three points 
required for the curve in Fig. 3 could have been obtained just as readily by 
dampering the air flow at the outlet of the nozzle or by inserting orifices at 
the throat. 

Although the diverging cone of the nozzle helps to reduce the over-all 
resistance and minimizes the hazard of extrapolating to get the final temper- 
ature at the maximum output, this cone is not essential. If there is some 
means available for increasing the normal speed of the fan, it is possible to 
exceed the normal maximum output, eliminating extrapolation entirely and 
permitting the use of a nozzle of higher resistance. A substitute motor of 
higher speed may be used; a d-c motor may be run for the short ‘period of 
the test at a few hundred revolutions above its normal speed; an auxiliary 
motor with belt drive may be used. 

It should be noted especially that this method is not dependent upon the 
accurate reproduction of free delivery conditions within the confines of the 
duct placed over the outlets. The method does not prohibit the use of an 
auxiliary fan to overcome the resistance of the collecting nozzle or to exhaust 
the heated air out of the test room, but the method emphasizes the fact that 
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the auxiliary fan is not essential from the standpoint of totally equalizing or 
balancing the resistance of the nozzle; furthermore, the method is not con- 
cerned with the volumetric proportions of the nozzle, or other mixing device 
which may be substituted for it. 


Attention has been called to the suitability of this method for field tests. 
While there may not be much demand for field tests of unit heaters there 
may be installations where ventilation is of prime importance; and outside 
air connections, mixing dampers and filters may impose frictional resistance 
materially affecting the air volume. In such instances it may be desirable 
to have a relatively simple and inexpensive method by which the air volume 
output may be accurately determined. Even in cases of this kind, a field test 
designed to determine air volume especially is not necessary if the unit in 
question has been tested according to the rules of the Industrial Unit Heater 
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Fic. 3. RELATION BETWEEN FINAL AiR TEMPERATURE AND HEAT OUTPUT 


Association. Because, as the foregoing discussion bears out, it is only neces- 
sary to measure the steam condensing capacity of the unit and the entering 
air temperature in order to obtain the air volume if there is already available 
reliable informaticn in the form of curves or catalog data showing the re- 
lation between air volume and heat output. The majority of catalogs furnish 
these data. That is to say, if a unit heater is operating under abnormal re- 
strictions to air flow, either at inlet or at outlet or both, the air volume output 
may be obtained by measuring the condensation rate of the unit and referring 
the heat output to a curve derived from the manufacturer’s catalog data. 

It would seem, therefore, of little use to have a method simple enough and 
inexpensive enough to take to the field. On the other hand, the availability 
of such a method may be welcomed by contractors, purchasers and consulting 
engineers. The method is also suitable for the occasional testing which may 
be undertaken in private laboratories or institutions where the extent of the 
work would not justify more elaborate equipment. 
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Contrasting this method with the direct measurement of air volume by Pitot 
tube or other flow meter and with the method of artificial reproduction of 
free delivery, the advantages are: 

1. Small amount of test equipment required. 

2. Minimum amount of test labor required. 

3. Minimum floor space required. 

4. Relatively inexpensive, quickly set up, and readily adapted to the occa- 
sional test in laboratory or ‘field as contrasted with the more elaborate and 
permanent set-up probably more convenient for rapid routine testing. 


Final Air Temperaiure vs. C. F. M. 
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Fic. 4. Curves SHOwING RELATION BETWEEN FAN 
Speep, Heat Output, Arr VOLUME AND FINAL 
TEMPERATURE 


5. The air volume output, although obtained indirectly, is the volume pro- 
duced without abnormal restrictions to air flow. 

The disadvantages are: 

1. No single test is complete in itself. 

2. At least three extra tests are required regardless of the number of fan 
speeds specified for which data are wanted. This is time-consuming and is a 
serious objection where a large amount of routine testing is performed. 

3. Except under favorable circumstances, inability to get rid of heated air 
in the test room. 

4. Unless special attention is given to their design, individual nozzles are 
not adaptable to a range of unit heater sizes or shapes. 

Fig. 5 illustrates other applications of the nozzle. On account of the rela- 
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tively small surface area of the nozzle between the heater and the throat 
section, insulation is not very important, but the loss should not be disregarded 
and plenty of insulation should be provided. 


In the preceding explanation of the test method, the manner of converting 
the test data from one entering air temperature to another was not discussed. 
Several investigators have shown that the air volume at the fan of a unit heater 





























Fic. 5, Oruer Applications OF THE VENTURI NOZZLE 


remains constant for a given speed regardless of changes in inlet air temper- 
ature and steam temperature. This law can be used to derive formulae by 
which the final air temperature and heat output may be converted from one 
set of conditions to another. The derivation of these conversion formulae for 
a draw-through heater is as follows: 


Let Q =Heat output, Btu per hour 
W =Weight of air, pounds per hour 
V’y= Volume of air at fan, cubic feet per min 
C, =Specific heat of air 
U Coefficient of heat transmission 
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S =Heating surface 

Ts—Steam temperature, degrees Fahrenheit, absolute 
Ty—Final temperature of,air, degrees Fahrenheit, absolute 
T,—Entering temperature of air, degrees Fahrenheit absolute 
d =Density of air 


Subscript—/ refers to some known initial condition. 
Subscript—2 refers to a second condition to which the first is to be converted. 











Ss i Then: 
gg QO, _W,C, (Tr,—Te,) 
| Q, i W, C> (Tr, — Tx) (1) 
W, 60 Vr, d, 
) W, ~ 60 Vr, d, (2) 
d, om 

d, ~ Ty, (3) 


Combining (2) and (3) with (1): 
Q, Vy, Tv, (Tv,—Txz, ) 


Q, = Vr, Tr, (Ty,—T x.) (4) 


But the volume at the fan remains constant. 








Therefore Vy, =Vr,, and 
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_Q, __ Try (Tr,—Tn) 
. brit Tr, (Ty,—Tz,) (5) 
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Tr, (6) 


Also, from the familiar heat transmission formula, Q—=US@m, in which 6m 
is the logarithmic mean temperature difference : 


0. B84 Bante) BE Werte) 


Q, log. (Za=T=) "log. ( Zoc—Tm ) 
Ts,—Tr, \ Ts.—T ge 





(7) 
Assuming U,—U, and equating (7) to (5) we have 
oe. ( Za) 
es Ts.—1 r. 


Tr, log. (Za—Te, ) 
Ts,—Ty, 








(8) 
Rearranging equation 8: 


Ty, Tr. 
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It is apparent, therefore, that for any given heater and fan speed: 


7 ; 
2 ) a constant. 


log. (7 
Te—Te 


Making use of this relation, charts or tables can be constructed by means 
of which the new final temperature may be found corresponding to any new 
entering air temperature or steam temperature. After finding the new final 
temperature, equation (6) can be used to find the new heat output. 


Similarly, for a blow-through unit heater, the following relation is obtained: 


(10) 





oe EN (11) 


and 
Te 


*_._____—____. —=a constant. 
leg, Sei (12) 
(Ts—Tr) 

The transformations involved in the example of test calculations described 
in the foregoing were made by means of the function just derived for draw- 
through heaters. It would have been simpler but not quite correct if the con- 
versions had been made according to the assumption of constant mass velocity 
using the familiar relations 


Q, — Tr—Ts, _ T—Te, (13) 

0, “gs Tro—T 2a yi Ts.—T 2. 
Using the constant mass formula, all of the tests could have been converted 
immediately to equivalent conditions at an entering temperature of 60 F and 


the intermediate steps made necessary by the constant volume method would 
have been unnecessary. 








DISCUSSION 


D. E. Frencn: A great deal of credit is due Professor O’Bannon for his 
work which, I believe, was an outgrowth of the studies he made to help the 
Joint Code Committee. There is a distinct need for a simplified test method 
that can determine air quantity with reasonable accuracy and that involves 
simple equipment that can be readily applied in the field. We know that 
Professor O’Bannon was working on this method but until this time he has not 
been able to assure us that the method would apply equally well to all types of 
heaters, including the disc fan type, when submitted to the substantial resistance 
which his method imposes. The test that he has shown seems to indicate that 
he can prove that, and when he does the method would look readily applicable 
to the field test that we have been wanting. 


In the case of the computations required to convert from one condition of 
rating to another, the code method involves a graphical procedure which must 
reflect the characteristics of the individual heater. If Professor O’Bannon 
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can go further with this method and produce a means by which the engineer 
in the field can take a manufacturer’s catalog data at one condition of rating 
and determine an accurate rating at any other condition of rating, that would 
be an addition to our equipment that is very much to be desired. 

I hope that some committee will be able to inherit and follow the work that 
Professor O’Bannon is doing so that we can bring something of that sort 
before the Society. 

L. W. Cuitp: The computations of Professor O’Bannon are very interest- 
ing. I have been using a method for the last several years based on the combi- 
nation of the heat transfer formula and the fact that the heat is equal to the 
weight of air multiplied by the specific heat multiplied by the temperature rise. 
With a heating element whose temperature can be considered constant, such as 
we have in any steam heating element, a combination of these two formulae 
can be worked out to give a formula in which the final air temperature is a 
function of steam temperature, inlet air temperature, and a certain constant C. 
This constant is a function of the logaritimic base e raised to a certain power : 
said power being a function of the K value of the surface, and the mass velocity 
of the air passing over the surface. 

Since the K value is also a function of the mass velocity, a curve may be 
plotted for any given surface; plotting the constant C against the mass velocity 
of the air passing over the heating surface. Where different sizes of the same 
design of heating surface are used, the curve is plotted on a square foot face 
area basis. Once this curve has been established, it requires only a very 
simple computation to determine what the outlet air temperature and Btu per 
hour will be for any given set of conditions. This method is only applicable 
to heating surfaces at constant temperatures, such as blast coils and the unit 
heaters on steam. 

L. S. O’Bannon: I would like to point out that the success of this method 
depends largely upon the design of the nozzle. If the nozzle is too small, there 
will be too much resistance and the point representing the normal capacity of 
the unit may lie too far away from the points obtained by the tests and too 
much error may be introduced in extending the curve. If the nozzle is too 
large the velocity of the air may be too small to give an accurate final tem- 
perature reading. The design of the nozzle must avoid the two extremes and 
will depend upon the characteristics of the unit. 
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THE MEASUREMENT OF THE FLOW OF AIR 
THROUGH REGISTERS AND GRILLES 


By Lynn E, Davres', Cuicaco, I. 
NON-MEMBER 


The results of co-operative research between the Armour Institute 
of Technology, the A. S. H. V. E. Research Laboratory and 
the Ventilating Contractors Employers Association of Chicago. 


OR several years doubt has existed as to the proper or most accurate 

method of measuring the flow of air through grilles or registers. The 

fact that several methods were being used and that these various methods 
indicate widely different results gave rise to many controversies. Consider- 
able financial loss resulted in many cases where the fulfillment of a contract 
was. dependent upon these measurements. The laboratories of the Armour 
Institute of Technology, in cooperation with the Research Laboratory oi the 
A.S.H.V.E. and the Ventilating Contractors Employers Association of Chi- 
cago,,undertook an investigation of the problem in an attempt to arrive at a 
simple and accurate method of making such measurements. 

It is apparent that a simple field test is desirable, one that is applicable to 
the ordinary ventilating system already installed and of such character as to 
cause little or no interference with the normal operation of the system. Hence, 
only two types of instruments need be considered at this time, the Pitot tube 
and the anemometer. 

The nature of the air flow coming from a grille is such that no accuracy can 
be expected from the use of the Pitot tube.. Furthermore, the velocities encoun- 
tered are usually so low that it would necessitate the use of a gage several 
times more accurate than the usual type of portable instrument. Such sensitive 
gages are only practical for use in laboratories. It is therefore necessary to 
use the anemometer and the problem resolves itself into one of how to use 
this instrument and how properly to interpret its indications. 





1 Asst. Professor of Experimental Engineering, Armour Institute of Technology, Chicago. 
Presented at the 36th Annual Meeting of the AMertcan Society or HEATING AND VENTILATING 
EnGineers, Philadelphia, Pa., January, 1930. 
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SuppLy REGISTERS 


Apparatus: The apparatus used in conducting these tests is shown in the 
accompanying sketches and photographs. It will be noted (Figs. 1 and 2) 
that in the original set-up the air from a centrifugal fan was passed through a 
transformation section into a 10-in. round duct 8 ft 3 in. in length. On the 
end of this round duct was a second transformation section 6 ft in length lead- 
ing to a straight duct 4 ft in length and 2 ft square. In some of the tests the 
grilles were mounted on the end of this straight square duct. For the other 


ford treanconnsn 


Fic. 1—View Suowrnc Oricinat Set-up oF APPARATUS 


runs an elbow or branched duct was connected to the end of the straight duct, 
and the grilles fastened on the opposite end of these units as shown in the 
photographs. (See Figs. 3 and 4.) The two branch ducts used were exactly 
alike in size and shape except that one contained a fixed vertical split starting 
two-thirds of the way from one side of the entrance to the duct, while the other 
contained a movable vertical split. Each of these branch ducts contained two 
outlets, 16 in. by 24 in. and 8 in. by 24 in. respectively. The entire system 
from fan to grille was made air-tight and particular care was taken to have 
the section of round duct smooth and uniform in size and shape. 


After approximately half of the runs had been made, a large plenum chamber 
was added between the fan and the 10-in. duct. The entrance end of this cham- 
ber was fitted with grilles similar to those being tested. These served to 
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Fic. 2—ELevation SHOWING ORIGINAL APPARATUS AND FAN TRANSFORMATION, 
Rounp Duct, SEconp TRANSFORMATION SECTION AND STRAIGHT Duct 


destroy the initial high velocity given to the air by the fan and to create a 
static condition in the discharge end of the chamber which would be favorable 
to the production of uniform parallel flow at the Pitot tubes. Although the Pitot 
tube readings were steadier after the addition of this chamber, the final results 
were. not changed in any way. 

Traverses were made in the round section 6 ft 3 in. from the blower end, 
with standard type Pitot tubes. Two traverses (horizontal and vertical) of 
10 readings each were made for every anemometer traverse. The amount of air 
flow, as measured by these Pitot tubes, will hereafter be referred to as the 
correct or actual air flow. During the course of the work three different 
anemometers were used, each newly calibrated by the Bureau of Standards. 
All three instruments were of the same type. 


Procedure: The surface of each grille was marked off into a number of 


TABLE 1—DescriPTION oF GRILLES TESTED 





1. Expanded metal lath having diamond shaped openings 
measuring 2 in. by 0.932 in. across the corners. 


Percentage of fee. OTen. ..iiic oc Wis ccaccccccsesecios 72.0 
2. Plain lattice work 
iota nk nideighsemh > Ropatonbew aks 0.95 in. square 
eer 00 Cetber. .. 5... oe ek ccceceaveseseses 1.19 in. 
EE CPi d sodas ws o.5.0.0.650 40 se Resee AER Ke's 7s in. 
oe a ce sthpoed awn cnem eas 63.25 
3. Plain lattice work 
SR IID Sa cnc Sc5 5s 5 Seda os CRUG ROC eeeweeks asied 0.875 in. square 
ee eee. SELL SPOS LE OPEL 1.125 in. 
ne ee case ip be sear dbiaidewnt x in. 
NT OO 3 5s an dies x 5.85 0ba esd a ascebe 60.5 
4. Plain lattice work 
I esol. iui’, $b waat dee scene spas 0.75 in. square 
SNE BO COMIEE. 5... ccc vc vnctosccaceessies 1.00 in. 
Reta 6a wis «4 de iw CARS. pw Naw eae Cicadas zs in. 
ee, . saddsaWigawsdcsacteoeaes 56.25 
5. Plain lattice work 
igs 5s og 5x3 a Samal pee annsoee 0.50 in. square 
seecme—-Cemfer to center... ........ ccc cdksceccwneees 0.75 in. 
nS ee a is cis hak snake Rea Omak pe bare ds in. 
I TOR AONE ia bis.c. o's sce ened ki dks.ccBerceons 44.44 


6. Iron plate % in. thick round holes 
MES clair i bain 6's «06s kod icc dleiee en ecaa oeuade 0.73 in. 
NG TOUR BOOB. ook 55 oo ion bs hdc edaoneabeenaecie 38.2 











204 TRANSACTIONS AMERICAN Society or HEATING AND VENTILATING ENGINEERS 





Fic. 3—View SHow1nc ELsow ANp GRILLE CoNNECTED TO STRAIGHT Duct 


Fic. 4—View SHowinc Brancuep Duct Connectep To Straicut Duct 
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equal rectangular areas, 16 divisions in the case of the 24 24 in. grilles, 
12 in the case of the 16 24 in. grilles, and 4 in the case of the smallest 
grilles used. During each run two readings were taken with the anemometer 
opposite the center of each small area. One of these readings in each case 
was taken with the anemometer held in contact with the surface of the grille, 
the other with the instrument held 3 in. away. In each case the average of 
the 16 readings obtained was corrected for instrument error and then multi- 
plied by the gross area of the grille. Similarly each corrected average velocity 
was multiplied by the net free area. This resulted in five values for the air 
flow for each run, namely: 


Anemometer reading in contact multiplied by gross area. 
Anemometer reading in contact multiplied by net free area. 
Anemometer reading 3 in. away multiplied by gross area. 
Anemometer reading 3 in. away multiplied by net free area. 
Quantity as measured by Pitot tubes. 


mr oe Ne 


By comparing the results obtained by the first four calculations, with the 
result of the Pitot tube traverse, it is possible to determine which method, if 
any, is the correct one for calculating the volume of air from the indicated 
velocities shown by the anemometer. 


Discussion of Results: When the instrument is held in contact with the 
grille, the face of the anemometer is not subjected to a uniform flow of air 
over its entire area, but instead is exposed to a group of small jets divided 
by regions of dead, low velocity, or turbulent air. The portion of the area 
touched by the jets is probably approximately equal to the percentage of 
free aréa of the grille. To maintain that Method 1 is correct is to claim, in 
effect, that an anemometer exposed to a variable velocity across its face indi- 
cates the true average velocity. This may appear to be a perfectly reasonable 
assumption, but those who are familiar with the action of anemometers know 
that they always indicate a value nearer to the maximum than to the minimum, 
and therefore somewhat higher than the average. The results obtained by 
this method, therefore, will probably be too high. 


Method 2 would be correct if the anemometer indicated the maximum velocity 
striking the blades. This is not the case because in the regions of low veloc- 
ities the vanes act as propeller, drawing the air forward, and this action 
naturally imposes a load on them which reduces their speed of rotation. This 
method may, therefore, be expected to give results which are too small. 


Method 3 appears to be more nearly correct than the others if the instrument 
is held sufficiently far away to have the individual jets blend together into a 
solid stream of uniform velocity. The results indicate that 3 in. is not sufficient 
to accomplish this objective. 


Method 4 does not require consideration, since it is apparent that a value 
lower than with Method 2 is obtained and which is too small. 


Table 1 gives a description of the types of grilles tested. Table 2 shows the 
results obtained when the anemometer was held in contact with the grille and 
the velocity indicated was multiplied by the gross area. It will be noted that 
the results obtained were from 19 per cent to 46 per cent too high, varying 
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somewhat with the velocity and to a much greater extent with the amount 
of free area. Table 3 shows the results obtained when the anemometer readings 
were multiplied by the net free area of the grille. In this case the results were 
from 13 per cent to 40 per cent too low. This is of particular interest because 
it is probable that this method has been used more than any of the others. Tables 
4 and 5 show the results obtained from similar calculations based on readings 
taken 3 in. from the face of the grille. Here the errors ranged from + 10 per 
cent to-+ 36 per cent when the gross area was used, and from—27%4 per 
cent to— 44 per cent when the net area was used. 


These results show plainly the urgent need for more accurate formule than 
any heretofore used. Referring again to Tables 2 and 3, a close observation 
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Fic. 5—PLan AND Sipe View or ELsow ANp BrancHep Duct 
SHOWING ADJUSTABLE SPLIT 


of the results shown in the right hand columns discloses the fact that for cor- 
responding runs the percentage of error in the two cases is approximately 
equal. This suggested the use of a new formula: 


_V(A+a)_ VA(1+ 9) 
— 2 or 2 





cfm 


(1) 
in which 

V = corrected average anemometer reading taken in contact with grille, in 

feet per minute. 

A = gross area of grille, square feet. 

a = net free area of grille, square feet. 

p = percentage of free area of grille expressed as a decimal. 

Table 6 shows the results of applying this formula. It will be noted that the 
maximum error was 5 per cent and that this could have been still further re- 
duced had a coefficient of 0.98 been introduced into the formula. In view of 


the fact that the work, so far, has been confined to a limited number of types 
of grilles, it appears desirable that a coefficient C be introduced into the formula 








XUN 





Fiow or Arr THroucH Recisters AND Grities, L. E. Davies 207 


TABLE 2—ResuLTs OBTAINED WHEN ANEMOMETER Was HEtp 1n ConrtTAcT WITH! 
THE GRILLE AND THE VELociTy INDICATED Was MULTIPLIED BY THE Gross AREA 





























PO WE IN so Ss 5 aa kiidin hs Fi nad aN haces a hee nad eked In Contact With Grille 
Fe ESTE TL ETE TSE ET OT et rah Oia, Pee mee Eee POE Gross Area of Grille 
Grille Average Air Flow A LAi Ratio of 
Ud. | vn. Velocity Calculated — Calculated 
Per Cent Used Indicated by from io Flow to 
Free Anemometer, Anemometer Pi merle Actual Flow, 
Area fpm cfm (oes Fake) Per Cent 
72.0 S 242 968 800 121.0 
63.25 S 757 3028 2467 123.0 
744 2976 2392 124.5 
540 2160 1691 la .5 
56.25 S 766 3064 2330 131.5 
529 2116 1619 131.0 
268 1072 813 132.0 
44.44 S 765 3060 2261 135.0 
538 2152 1545 139.0 
286 1144 805 | 142.0° 
63.25 E 713 2852 2390 119.0 
515 2060 1697 121.5 
56.25 E 759 3036 2330 130.0 
530 2120 1615 131.0 
44.44 E 756 3024 2200 138.5 
559 2236 1589 141.0 
60.5 | BV 318 849} 1971 822.5 130.2 
167 222 
60.5 BV 218 581 1050 806.0 130.0 
352 469 
56.25 B 540 1440 1685 129.0 
543 74 2164 
56.25 B 440 1173 1730 1300 133.0 
410 547 
56.25 B 298 795 1157 860 134.5 
272 362 
44.44 B 364 971 1438 1026 140.0 
350 467 
44.44 B 245 653 976 669 146.0 
242 323 § 




















to provide for a variation in results which may occur when different types 
of grilles are investigated. The formula will then become 


CV(A+a) . CVAA+?) 
2 2 





cfm = 


(2) 


It is the opinion of the author that the use of a constant value of 1.00 or 
0.98 for C will introduce less error than that encountered from other sources 
such as errors in calculating free area, carelessness in making traverses, the 
difficulty of securing true average velocities when the distribution is poor, and 
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the use of anemometers which are inaccurate due to careless handling or long 
use without calibration. For securing the highest possible degree of accuracy, 
however, the results may be analyzed to determine what factors are most im- 
portant in establishing the value of C to be used in this new formula. The 
average value of C obtained for each grille is as follows: 








Grille Per Cent Free Area Average Value of C 
1 72.0 0.956 

2 63.25 0.995 

3 60.50 0.958 

4 56.25 0.976 

5 44.45 0.985 














The results appear to be somewhat erratic, but it is observed that No. 1 and 
No. 3 were tested only with relatively low air velocities, and while No. 2 was 
only tested with the higher velocities the results appear more logical. It is 
evident that the percentages of free area do not affect the value of C for the 
types of grilles investigated. A careful study of Table 6 will show that the 
highest values of C were secured with the highest velocities, and the lowest 
values with the lowest velocities. It appears then that the air velocity is a 
definite factor causing the variation in the value of the coefficient. The follow- 
ing values of C for the various velocities were obtained by means of the curve, 


Fig. 7: 











Indicated Air Velocity . 
fpm : 
150 0.952 
200 0.957 
300 0.967 
400 0.977 
500 0.985 
600 0.992 
700 0.998 
800 1.000 





In practice the velocity of the air coming from a register often varies greatly 
at different positions across its face. It is of interest to note, therefore, the 
amount of velocity variation encountered in this test. This is shown in Table 7. 
The last set of figures shown are of particular interest because of the excep- 
tionally high variation. This was caused by the fact that the air had to pass 
from a 5% in. & 24 in. opening at the split to a 16 in. & 24 in. discharge 
in a very short distance and while making a short radius turn. This resulted 
in the air issuing from the grille at a distinct angle and with a very low 
velocity along one side. In spite of these unfavorable conditions the coefficient 
agrees with the average value found on the branched duct with the fixed split, 
in which case a very favorable velocity distribution was obtained. 
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With some kinds of grilles it is difficult to estimate or measure accurately 
the percentage of free area. It is interesting to note the effect on the final 
result of an error of this kind. It is best illustrated by an example. Assume 
that a certain grille has a true free area amounting to 50 per cent of the gross 
area, but through some error is figured as 45 per cent free area. This repre- 
sents an error in measurement amounting to 10 per cent and if used in the 
old formula (indicated velocity by free area) would result in a 10 per cent 
TABLE 3--RESULTS OBTAINED WHEN THE ANEMOMETER Was HeEtp 1n Contact 
WITH THE GRILLE AND THE READINGS WERE MULTIPLIED By THE NET FREE AREA 

OF THE GRILLE t 


























350 


206 
B 245 288 
242 143 











669 64.5 


UE  - -  D6 oiote:s 0's ante oils 04 oe au abed Obes ta aeeewkied In Contact with Grille 
GE. TOI ei See at aks nck chibaees sbeebs th aabltdcsmarnn Net Free Area of Grille 
Grill A Air Fl P Ratio of 
Used, Duct Velocity Calculated Se oes Calculated 
a Cent Used J ricereedeed ‘ from ; cfm. ‘ rie 
mot r, m m : i ctua Ww, 
p tows = jn ‘ ‘<, roy os (Pitot Tube) Per Cent 
72.0 2 242 696 800 87.0 
63.25 S 757 1915 2467 78.0 
744 1884 2392 79.5 
540 1365 1691 80.5 
56.25 S 766 1724 2330 74.0 
529 1190 1619 73.6 
268 604 813 74.3 
44.44 S 765 1360 2261 60.0 
538 955 1545 61.8 
286 509 805 63.1 
63.25 E 713 1806 2390 75.5 
515 1300 1697 76.5 
56.25 E 759 1708 2330 73.5 
530 1192 1615 74.0 
44.44 E 756 1345 2200 61.0 
559 992 1589 62.0 
ee 
60.5 BV 318 514 822.5 78.9 
167 135 } 649 
a. BV 218 352 806.0 79.1 
60.5 oa oy } 636 ’ 
56.25 B 540 $10) 1216| 1685 72.1 
543 406 | ~ 
56.25 B 440 660 } 968 1300 74.4 
410 308 
56.25 B 298 447 si 860 75.8 
272 204 
44.44 | B 364 430} g35 | 1086 62.0 

















TaBLeE 4—Resutts OsTaIneED WHEN READINGS WERE TAKEN 3 IN. FroM THE FACE 
OF THE GRILLE AND THE VELOCITY MULTIPLIED BY THE Gross AREA 
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i ar GL. oss. ocd SMa wd ede bua ae eesleds eeee aden ee oeeeseanaee 3 In. from Grille 
NE EE 6 snk thn htethetkeWs nes tedadins dendebetdssedanataawasases Gross Area of Grille 
Grill A Air Fi : Ratio of 
Used, Duct Velocity Calculated Seg At Calculated 
PerCeat | Used | Jodlestedty | from | thas | aeeitoe 
ioe fpm f cfm P (Pitot Tube) Per Cent ’ 
63.25 § 680 2720 2392 114.0 
485 1940 1691 114.5 
56.25 S 684 2736 2330 117.5 
474 1856 1619 115.0 
44.44 § 712 2848 2256 126.0 
493 1972 1541 127.5 
63.25 E 658 2632 2390 110.0 
479 1916 1697 113.0 
56.25 E 703 2812 2330 121.0 
490 1960 1615 115.5 
44.44 E 733 2932 2200 133.0 
540 2160 1589 136.0 




















error in volume of air in addition to the already large error due to the formula 


itself being incorrect. Using the new formula: 


With 50 per cent area— 





cfm = 


With 45 per cent area— 


Thus it is apparent that the 10 per cent error in measurement only causes a 





cima = 


Percentage Error = 


3% per cent error in the value of cfm. 


Apparatus: For the purpose of investigating the performance of the anemom- 
eter on exhaust registers the same apparatus was used except that the test 
duct was connected to the suction side of the fan. All of the work was done 
with the straight duct as it appeared that the shape of the duct would have 


ExHaAust REGISTERS 


little if any effect in this case. 


Method: The general procedure was the same as before except that all of 
the anemometer traverses were made in contact with the grille. 
of the air stream surrounding an exhaust grille is very different from that 
The air around the exhaust register is being 


surrounding a supply grille. 





VA(L+p) _ VA(L+40.50) 05 pry 
2 = 2 = 


VA(1+ p)_VAA+4045) _ pas pry 
Ges: 2 ala 


Error = 0.025 VA 


0.025 VA < 100 = 3.33 per cent 


The nature 
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drawn in from all sides as well as straight from the front, so that an anemometer 
traverse made in front of the opening but some distance away would only show 
a portion of the total flow. The percentage of the total thus effecting the 
anemometer would vary greatly with the total area of the grille, its shape and 
the nature of the surrounding wall surface. It therefore appears essential that 
the traverse be made as close to the surface of the grille as practical. 
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Fic. 6—MeEtHop oF TAKING TRAVERSE 


DiscussION OF RESULTS 


Table 8 shows the results obtained when the anemometer readings were 
multiplied by the net free area of the grille. It will be noted that the error 
amounted to from 7.3 per cent to 51.6 per cent, a much wider variation than 
that obtained with supply grilles when the same formula was used. Table 9 
shows the results of applying the new formula (1). It can be seen that the 
results vary more than was the case with the supply systems. The results 
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TABLE 5—REsuLTs OBTAINED WHEN THE READINGS WERE TAKEN 3 IN, FROM THE 
FAce oF THE GRILLE AND THE VELocity INDICATED MULTIPLIED BY THE Net FREE 
AREA OF THE GRILLE 














Position NO oe i aicss akek eae edeades tek abedstnserhkbcdds tabeeken 3 In. from Grille 
pe a ren eR ee err re. Pe reer ere eee re Net Free Area of Grille 
i A Air Fl : Ratio of 
Used, said Velocity Calculated Angst Ale Calculated 
Per Cent Weed Indicated by from clan low to 
Free Anemometer, Anemometer, (Pitot Tube) Actual Flow, 
Area fpm cfm Per Cent 
63.25 S 680 1720 2392 72.0 
485 i an 1691 42:5 
56.25 s 684 1539 2330 66.0 
474 1066 1619 66.0 
44.44 s 712 1265 2261 56.0 
493 875 1545 56.5 
63.25 E 658 1665 2390 69.5 
479 1210 1697 71.0 
56.25 E 703 1582 2330 68.0 
490 1102 1615 68.5 
44.44 E 733 1301 2200 59.2 
540 960 1589 60.5 




















TABLE 6—RESULTS oF APPLICATION OF ForRMULA (1) 



































Picition Gl m6 tes 0 ROR K86 5 oa hy 60 cs ecodeeshaedscensoeagen In Contact with Grille 
Deen Ceed). . cawink cdsdae habeas peep cdse i Ocacachetniateatieeeaieean Gross Area + Net Area 
2 
: Ratio of 
i Average Air Flow 
oat Duct Velocis y Calculated A ngs Cee d 
Per Cent Used Indicated by from c= Actual Cc 

Free A ter, | A ter, | (Pitot Tube) Flow, 

Area fpm cfm Per Cent 

72.0 £ 242 835 800 104.4 0.957 

63.25 3S 757 2471 2467 100.1 0.999 
744 2430 2392 101.6 0.985 
540 1762 1691 104.1 0.961 

56.25 Zz 766 2394 2330 102.5 0.976 
529 1653 1619 102.1 0.978 
268 838 813 103.0 0.971 

44.44 | S$ 765 2210 2261 97.7 1.021 
538 1553 1545 100.6 0.994 
286 825 805 102.5 0.977 

63.25 E 713 2329 2390 97.5 1.027 
515 1680 1697 99.1 1.009 

56.25 E 759 2372 2330 101.8 0.983 
530 1656 1615 102.5 0.977 

44.44 EB } 756 2184 2200 99.5 1.005 
559 1614 1589 101.8 0.983 

| BV 318 682 } 860 822.5 104.2 0.959 
60.5 | 167 178 
60.5 BV | 218 466 Log, 806.0 104.2 0.959 
352 377 § 
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TABLE 6—RESULTS oF APPLICATION OF FormuLA (1)—Continued 

















a EE OCE AICS Pe ee ENE, BURN iy Ree are In Contact with Grille 
Pe aga 6-34 otha ee u4 ad tas 6b a wa od 80d e oda eee en eden Gross Area + Net Area 
2 
a4 ; Ratio of 
Grill A Air Fl : 
Used, | pace | _ Velocity | Calculated | Actual | Calculated 
Per Cent Used | Indicated by from in Actual Cc 
fae Anemometer | Anemometer (Pitot Tube) Flow, 
ea fpm cfm Per Cent 
56.25 B = 1882 | 1690 1685 } 100.3 0.997 
56.25 B 440 = aes 1300 103.0 0.971 
410 2 
56.25 B 298 = }oo4 860 105.0 0.953 
272 
44.44 B 364 736 } 1036 1026 101.0 0.990 
350 36 
44.44 B 245 470 669 105.0 0.953 
242 233 708 




















can be more clearly visualized by Fig. 8 on which the value of C has been 
plotted against the velocities shown by the anemometer for each grille. 


The great difference between the 38.2 per cent and the 44.44 per cent curves 
and the 63.25 per cent and 72 per cent curves indicate that, unlike the case of 


TABLE 7—VARIATION IN VELOCITY AT DIFFERENT Positions ACROSS THE FACE OF 


























THE GRILLE 
Variation of Velocity Across 
Grille Expressed as _ Ratio 
Grille Used, Between Maximum and Min- 
Duct Used Per Cent imum Velocities for Any 
Free Area One Run. 
Max. Variation 
WEIN Scirccks wth Vickteusies ccceeoaeaaen 72.0 2.04 e 
63.25 1.53 
56.25 1.38 
44.44 1.24 
NE Ree OO eR es 63.25 1.62 
56.25 1.35 
44.44 1.27 
Small Branch Large Branch 
SE EA eer 56.25 1.06 1.25 
| RS hee en 44.44 1.11 1.085 
Sree 60.25 1.14 1.32 
Split Dc bdins <iakbacccudeen 60.25 1.10 5.94 








*For Run No. 1 the split was moved over to a point 2 in. from the wall leading to the 
small outlet. . 

For Run No, 2 the split was moved to a position 5'%4 in, from the wall leading to the 
large outlet. 
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supply grilles, the values of C vary not only with the velocity, but also with 
the percentage of free area and the type of grille. The 38.2 per cent grille 
had solid metal between the openings measuring approximatly 0.45 in. 1.2 in. 
which is more than is encountered in the average grille, while the 72 per cent 
grille was of expanded metal lath measuring approximately % in. across the 
frets and having the edges pointed in the direction of the air flow. It is prob- 
able that these two styles represent the greatest extremes likely to be encoun- 
tered in practice. 


For the velocity range from 150 fpm to 700 fpm the maximum value of C 
is 1.145 while the minimum value is 0.90. If a constant value of 1.02 is used, 
there will be a possible maximum error of 12.5 per cent although usually the 
error will be considerably less. 


Since the value of C does not seem to follow any rational law as to the type 
of grille, it appears that the only alternative is to draw an average curve as 
shown by the dotted line of Fig. 8. This has been drawn somewhat higher than 
half way between the extreme curve, but appears to be a better one for the 
average type of grille. From this curve, the factors shown in the following table 
can be obtained : 











Indicated Air Velocity o 

fpm 

150 0.993 
200 1.005 
300 1.028 
400 1.049 
500 1.067 
600 1.078 
700 1.084 





When these values are used there will be a possible error of approximately 
10 per cent but will result only under extreme circumstances. In the majority 
of cases the error will be less than 3 per cent. 


Table 10 shows the results obtained when the indicated velocities were 
multiplied by the gross area of the grille. These show that while there is a 
variable error, the amount of variation is much less than it was with supply 
grilles, particularly if values for equal velocities are compared. The final 
column shows the value of the coefficient K which may be used, giving the 
formula : 

cfm = KVA (3) 
in which 
V = Indicated velocity in feet per minute. 


A = Gross area, square feet. 


Fig. 9 shows the values of K plotted against velocity for various grilles. It 
will be noted that if a constant value of 0.8 is used for K the maximum error 
will be 7% per cent while if an average curve is drawn, as before, and a factor 














THE Net Free AREA OF THE GRILLE 
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TaBLeE 8—RESULTS OBTAINED WHEN ANEMOMETER READINGS WERE MULTIPLIED BY 





In Contact with Grille 









































WN TE Rig. 6400 6608 01S 650 eo 4.4.45940 500 1b beet Reed bab hddes ssa aeend kee Net Free Area 
Air F ; 
Grille pe ii Cateutated Actual Fc ae Sl 
Per Gent Indicated by pee... a Piew oe 
Free Area — a ~ (Pitot Tube) —_- fay 
cfm 

72.0 160 461 497 92.7 
448 1290 1478 87.3 

583 1676 1942 86.2 

63.25 136 344 425 80.9 
180 455 575 79.1 

195 494 627 78.6 

261.6 664 845 78.5 

278.7 705 905 78.0 

332 840 1108 76.0 

354.5 895 1152 77 6 

399 1010 1360 74.2 

413 1047 1398 74.9 

418 1059 1408 75.1 

490 1240 1661 74.6 

494 1250 1652 75.6 

556 1410 1910 73.9 

559.5 1412 1903 74.2 

60.5 286 693 945 73.4 
435.5 1053 1460 72.1 

56.25 155 348 487 71.5 
257 577.5 830 69.5 

338 761 1126 66.0 

411 925 1390 66.5 

454 1020 1522 67.0 

565 1270 1925 65.9 

44.44 145 257 428 60.0 
200 355.5 610 58.3 

59.5 

58.8 

59.0 

58.2 

58.8 

58.0 

57.5 

57.1 

56.6 

56.4 

56.5 

55.5 

55.7 

56.3 

55.6 

56.5 

49.6 

48.4 
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Fic. 7—Curves SHowING RELATION BETWEEN INDICATED VELOCITY AND Convescamrs 
C For SuppLty GRILLES 


varying with the velocity applied, the resulting error will be reduced to a 


maximum of less than 4 per cent. The values of K in this case would be as 
follows : 





Indicated Air Velocity 





fpm . 
- — 

150 0.762 
200 0.772 
300 0.789 
400 0.806 
500 0.820 
600 0.828 
700 0.832 





It is possible that a further study of these figures may disclose another 
formula involving a constant coefficient with smaller maximum errors than 
those encountered with the two considered. For example, the following might 
prove satisfactory. 


cfm = C'V (0.8A + 0.2a) 


A formula of this character would, of course, not eliminate the small change 
in C caused by the change in velocity. Any formula that would attempt to 
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TABLE 9—APPLICATION OF RESULTS TO ForMULA (2) 





Position of Anemometer 
































pe ee Po PEE ere a ee Le Pen. Oye ra SE SET, Gross Area + Net Area 
Air Flow : 
Grille ie Calculated Actual es 
po Cont ladicated by pe. ae me a Flow to c 
Free Area — Reoding, (Pitot Tube) eo 
cfm 

72.0 160 550.5 497 111.0 0.901 
448 1541 1478 104.1 0.959 
583 2004 1942 103.1 0.97 

63.25 136 444 425 104.1 0.96 
180 587.5 575 102.1 0.978 
195 637 627 101.7 0.983 
261.6 - 855 845 101.1 0.989 
278.7 909.9 905 100.6 0.994 
332 1084 1108 98.1 1.019 
354.5 1156.5 1152 100.4 0.996 
399 1303 1360 96.0 1.040 
413 1349.5 ee 8 .. Seteaws 1.027 
418 1365.5 1408 97.0 1.030 
490 1600 1661 96.3 1.038 
494 1613 1652 97.5 1.025 
556 1817 1910 95.2 1.050 
559.5 1826 1903 95.9 1.041 

60.5 286 918.5 945 97.0 103.1 
435.5 1397.5 1460 95.6 104.3 

56.25 155 484 487 99.4 1.006 
257 802.7 830 96.7 1.031 
338 1056.5 1126 93.6 1.068 
411 1284.5 1390 92.4 1.081 
454 1418.0 1522 93.0 1.076 
565 1765 1925 91.6 1.09 

44.44 145 418.5 428 97.8 1.021 
200 578 610 94.7 1.055 
214 618 639 97.0 1.031 
226 652.5 684 95.5 1.048 
239.5 692 720 96.1 1.040 
265 765 806 94.9 1.052 
291 840 880 95.5 1.047 
338 976 1038 94.2 1.061 
374 1080.5 1155 93.8 1.066 
392.5 1133.5 1220 93.1 1.072 
449 1297 1410 92.0 1.086 
485 1400.5 1530 91.5 1.091 
501 1447 1575 91.8 1.089 
586 1692 1882 90.0 1.111 
595 1718.5 1898 90.5 1.105 
605 1746 1910 91.5 1.091 
607 1753 1935 90.7 1.103 
618.5 1786 1940 92.1 1.085 

38.2 260 718.5 800 89.9 1.110 
590 1632 1870 87.5 1.141 
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correct for this variable would be a quadratic containing a factor of the form 
(V-+V") in which n would be a value less than 1. It is the author’s opinion 
that the use of any such complicated formula is unwarranted under the cir- 
cumstances. 

The results of these tests are summarized in Table 11. All of the curves 





° ‘co 200 300 400 500 600 100 


Fic. 8—Curves SHowinc Retation Between INDICATED VELOCITY 
AND COEFFICIENT C For VARIOUS PERCENTAGES OF FREE AREA FOR 
Exuaust GRILLES 


for the various coefficients appear to approach the horizontal as the velocity 
is increased. Lack of proper equipment has prevented verifying this fact, but 
it is expected that this can be done in the near future. 

It is frequently asked if it is necessary to apply an anemometer correction 
to each individual reading when a number of spot readings are taken as was 
the case in these experiments. If the actual velocity is plotted against the in- 
dicated velocity, the curve obtained will be a straight line in most cases, and 
it is therefore mathematically correct to use the average of the various velocities 
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THE Gross AREA OF THE GRILLE 
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TABLE 10—Resutts OsTAINED WHEN INDICATED VELOCITIES WERE MULTIPLIED BY 





Position of Anemometer 


In Contact with Grille 























Ree TR k6.s oan dbnt hi bnk 0666s nd ivcas est aneeded bade RENE T9.088 os ene nhiont Gross Area 
; Air Flow i 
Grille | Average | Altea | Actus | Ratioot, 
Per Cent Indicated by po. oe s i K 
ies = Reading, (Pitot Tube) | “Re cor” 
cfm 

72.0 160 640 497 1.288 0.776 

448 1792 1478 1.21 0.825 

583 2332 1942 1.20 0.835 

63.25 136 544 425 1.277 0.783 

180 720 575 1.250 0.800 

195 780 627 1.241 0.804 

261.6 1046.5 845 1.238 0.808 

278.7 1115 905 1.230 0.811 

332 1328 1108 1.200 0.833 

354.5 1418 1152 1.229 0.815 

399 1596 1360 1.172 0.851 

413 1652 1398 1.181 0.845 

418 1672 1408 1.19 0.840 

490 1960 1661 1.18 0.849 

494 1976 1652 1.192 0.837 

556 2224 1910 - 1.167 0.857 

559.5 2238 1903 1.172 0.852 

60.5 286 1144 945 121.1 0.825 

435.5 1742 1460 119.2 0.837 

56.25 155 620 487 127.0 0.786 

257 1028 830 123.5 0.809 

338 1352 1126 118.1 0.845 

411 1644 1390 118.1 0.845 

454 1816 1522 119.0 0.839 

565 2260 1925 117.2 0.852 

44.44 145 580 428 135.3 0.738 

200 800 610 131.0 0.762 

214 856 639 134.1 0.745 

226 904 684 132.1 0.756 

239.5 958 720 133.0 0.751 

265 1060 806 131.2 0.761 

291 1164 880 132.2 0.755 

338 1352 1038 130.5 0.766 

374 1496 1155 129.5 0.771 

392.5 1570 1220 129.0 0.775 

449 1796 1410 1a7:2 0.785 

485 1940 1530 127.0 0.787 

: 501 2004 1575 127.1 0.785 

t 586 2344 1882 124.8 0.801 

595 2380 1898 125.2 0.797 

= 2420 1910 126.9 0.789 


_— 
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as read and to then apply a single correction factor. Furthermore, it is possible 
to extend this straight line below the lowest point obtained by actual calibra- 
tion with entirely consistent results. 

The question most frequently asked is that regarding the feasibility of mak- 
ing a traverse by moving the instrument over the face of the grille, thus secur- 
ing a single reading instead of a number of spot readings. Check readings 
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Fic. 9—Curves SHOWING RELATIONSHIP BETWEEN COEFFICIENT K 
AND INDICATED VELOCITY FOR VARIOUS PERCENTAGES OF FREE AREA 
For ExHAusT GrILLES 


were frequently made in this manner throughout these tests and quite satis- 
factory results were secured. The greatest error is likely to result when 
there is a wide variation in velocity across the face of the grille. When the 
instrument is observed to be slowing up in a region of low velocity there is 
a natural tendency to move it quickly to a region of higher velocity. For this 
reason the moving traverse is liable to give results that are somewhat too high 
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TABLE 11—SuMMARY OF RESULTS 





























CV (A +a) 
Average cfa = ———_—— cfm = KVA 
Indicated 2 Exhaust Grilles 
Velocity Only 
fpm Supply. Grilles Eehane Grilles K 
150 0.952 0.993 0.762 
200 0.957 - 1.005 0.772 
300 0.967 1.028 0.789 
400 0.977 1.049 0.806 
500 0.985 1.067 0.820 
600 0.992 1.078 0.828 
700 0.998 1.084 0.832 
800 1.000 
Factor for low vel. 0.97 
average use } high vel. 1.00 1.02 0.8 
Note: 
A = gross area of grille—square feet 
@ = net free area of grille—square feet 


Each table of coefficients approaches a constant value as the velocity is increased so that it 
is believed that the highest value shown in each case can be used for all higher velocities with 
very slight error. 


under these circumstances. This can be at least partly overcome if, before 
starting to run, a mental note is made of the time which should have elapsed 
when certain points in the traverse are reached. 

With grilles the size of those used in these tests, such a run should be of 
at least two minutes duration unless the velocity is exceptionally uniform 
throughout the entire region traversed. 

It is the opinion of the author that the data so far secured will make it pos- 
sible to make anemometer measurements with a far greater degree of accuracy 
than has been possible in the past. 


DISCUSSION 


S. H. Givectser: What practical method would be recommended by the 
author to determine the net free area of an ornamental iron grille which is 
ordinarily found on various types of jobs? 


Perry West: I would like to ask Professor Davies what method he used 
to adjust the anemometer to a distance of 3 in. from the grille and to maintain 
that adjustment. 


Joun Howatt: At a meeting of the Illinois chapter a contractor asked me 
how we tested air deliveries in our school work. I told him that for 15 years 
we had been taking the readings 2 in. from the face of the register and con- 
sidering the gross area of the register. It seems now that we were not getting 
correct results. I know in the future we will change our methods. 


It is interesting to see that the larger error takes place in the lower velocities. 
Professor Davies indicates that with an elbow at the end of the riser, as there 
nearly always is on school work, there is a very low velocity at the short end 
of the elbow, even if we use splitters at the outlet. We have found (and I 








222 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


think every one else has) that the anemometer shows a very high velocity at the 
outside of the curve and a very low velocity at the inside, and any factor given 
as a constant to correct the readings will not accurately make the correction 
unless the velocity is nearly uniform all over the register. 


Whatever has been decided as the proper way of measuring air velocities by 
an anemometer on the register face should be adopted as a standard. A con- 
troversy was started because there was no accepted standard for measuring 
velocities at registers. The architects, the owners and the engineers must 
all come to an understanding as to what is the best and proper way of meas- 
uring these air velocities so that every one will know what to expect. 


MarGaret INGELS: Did the construction of the anemometer introduce an 
error when the instrument was turned with the dial towards the exhaust to 
take care of that backward flow of the air? The anemometer would not be 
exactly flush; but would probably be a quarter or a half inch from the face 
of the register. 


J. R. McCott: I would like to ask Professor Davies how much time he 
gave to the position of the anemometer in one part of the steam or grille, or 
did he keep it moving all over the grille? 


L. E. Davies: The first speaker touched a sore spot when he asked how 
to measure the area of the cast-iron grilles. I expected that question; and 
I will admit that I have not any convenient, simple method to recommend 
at the present time. Of course, if you want to go to great pains to remove the 
grille, there are different ways that may be done, but a simple method, with- 
out disturbing the setting, is not the easiest thing in the world to find.- Pos- 
sibly some months from now we may be able to answer that question. 


I fitted to my anemometer a very small piece or strip of brass, small enough 
so that it wouldn’t in any way interfere, but large enough so that I would have 
something to rest against so as to hold my space uniform. That, you see, was 
in the. direction of the flow so that it should not in any way interfere with the 
nature of the flow. I had it arranged so that I could quickly remove it when 
I wanted to make my contract readings. 


That, incidentally, is an objection to the method of taking a traverse some 
distance off. The average man doing it would not have any such space 
arranged and where you might specify 2 in. he might actually hold it anywhere 
from ¥% to 6 in. 


One man mentioned the fact that our factor should not be expected to be 
accurate when there was a wide variation in velocity such as at the elbow. 
What I wanted to bring out was the fact that apparently we were able to have 
quite a wide variation in that velocity and furthermore to have the velocity air 
coming out at quite an angle without seriously affecting the results. I do not 
know if I emphasized that, but in the case of the branch duct, where we had 
this variable split moved over close to the side where the large opening was 
located, the air was coming from the grille at quite a distinct angle and of the 
twelve divisions two of them had very, very low velocities. I believe that this 
indicates the fact that the coefficient under such circumstances does not differ 
from the normal value. You could not detect it on the curve. It indicates 
you need not worry very much except, of course, in extreme cases where you 
might have air flowing back at a high velocity; but in cases where the air is 
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coming out at all, or is only going back at a very low velocity, I would say 
take your traverse in the normal manner and you will be very close to right. 

Now, regarding the effect on the exhaust measurements of the anemometer 
being out a little way, since due to its construction you are not able to get it 
up in contact. That is one of the first things that occurred to me when I 
started to do the work on exhaust grilles and found the results were differing 
a little bit from what I had hoped for. 


On supply, I found that it would have made very little difference, but in 
that case, of course, we were not worried by it because the glass was outside 
and did not interfere with our getting in contact. It would be better if it was 
the other way round. I found that the readings taken on the supply an inch 
or so away differed very, very little from the readings taken in contact, but I 
believe this would not be the same on the exhaust. So in my instrument I 
removed the glass for a few runs to see whether I could get any different re- 
sult; so that I could let it get up just as close as possible. There was quite 
a bow on the glass of instrument so it made some difference in its position. 
I found I could not detect the difference in the results. 

Regarding the nature of taking the readings, when I started my work 
I used the flying start method. I had been in the habit of using that. I simply 
let the instrument go continuously and started and stopped the stop watch. 
It makes the figuring a little more difficult, but it is just a question of being 
used to it; that is all. I took about half minute readings, nothing less than 
half a minute. But, of course, the time was not uniform because I was going 
by a uniform number of revolutions of the dial rather than a uniform period of 
time. When it came to the exhaust measurements, I had to go to the other 
method of taking half minute readings and starting and stopping the 
anemometer. 

Many times they do not care to go to the trouble of taking 16 or more spot 
readings. They want to take a moving traverse. In a large number of cases 
I have done that and I have had the students do it, thinking that perhaps 
being more experienced in it I might be able to get satisfactory results whereas 
another man with less experience would not. So during the last two or three 
months I have been having students make runs. I do not mean any of these 
data are students’ work, but they have been doing some work on it also and 
been able to check my work very nicely. In each case I had them make a 
moving traverse, as well as the spot traverse, and the results were seldom more 
than three per cent different. They would sometimes be a little low and 
sometimes a little high. 


I would say that the greatest error in such a case would come when there 
was a wide variation in velocity. For one thing, there is a tendency to want 
to hustle past the points of low velocity. Of course, if you can overcome that 
tendency, why it is going to help matters a good deal. It is a natural feeling. 
I have had it myself many times. “Let us not waste any time here. It is not 
moving much anyway and just go on.” So that I would say that you 
are more likely to get a reading too high than too low but if you can over- 
come that tendency, you can check quite closely. 

Another thing, though, I think that when they take moving traverses many 
times they do it too fast. They try to do it in half a minute over a large 
surface. I would say that you should not devote less than 2 min on a grille 
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the size of the ones that I used, that is two feet square. That is what I have 
done. 


I think I have touched on the different points. 


Mr. MarsHatt: So far during this discussion we have taken it for granted 
that the anemometer is in calibration. Those of us who have used anemometers 
know that they are very easily put out of calibration. I think that it is 
very important to emphasize the fact that an anemometer should be calibrated 
before a test is made. Very often the instrument is in the hands of people 
who are not familiar with the delicacy of the instrument. I know I have 
gone out on jobs with anemometers and the contractor also had an anemometer ~ 
on the job and it did not coincide with the corrections that I had for my 
instrument. In other words, there was sometimes a variation as high as 
20 per cent in the accuracy of the instruments used. 
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RATING OF HEATING BOILERS BY THEIR 
PHYSICAL CHARACTERISTICS 


By C. E. Bronson,’ Kewanee, ILL. 
MEMBER 


Pressure Heating Boilers adopted by the members of the Steel Heating 

Boiler Institute. The complete text of the Code has been submitted to the 
Society’s Committee on Rating Low Pressure Steam Heating Boilers and will 
be found at the end of this paper. 

This method of rating boilers is offered as an alternate to the method of 
determining ratings by means of test characteristics. The proposed method has 
the advantage of representing the size of the boiler by a single number, which 
has a certain and definite relation not only to the load for which the boiler is 
selected, but also to the operating characteristics of the boiler itself. This single 
number rating is easily determined from measurable proportions of the boiler 
and obviates the necessity for a long and expensive program of tests. 

There has been much discussion on the question of boiler ratings and the 
relation of rating to selection. Attempts have been made to separate considera- 
tion of the two but the author believes they should be inseparable. The rating 
should be a single number and should have a definite relation to the load im- 
posed on the boiler. This method has been successfully used by the manufac- 
turers of steel heating boilers for many years. The rating of a boiler by any 
other method than the one proposed would cause confusion to those accustomed 
by long years of practice to selecting boilers from a single number rating. 

If a single number rating is assigned to a boiler it must be an indication of 
capacity. The capacity of a boiler is dependent upon two main variables. 

1. Rate of fuel burning. 

2. Ability to absorb heat. 

The rate at which fuel may be burned is dependent upon the area of the grate, 
the kind of fuel and the available draft. If the draft required or the chimney 
size is given for the ordinary grades of fuel used, it would be possible to assign 
a value for the rated capacity of a boiler based on the grate area. This con- 
siders only hand-fired solid fuel burning boilers. 

The ability to absorb heat is dependent upon the amount of heating surface 
interposed between the grate and the chimney. Therefore, it is logical to assign 


"tee paper is presented in explanation of the Code for ihe Rating of Low 





1 Mechanical Engineer, Kewanee Boiler Corporation. 
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a uniform value of capacity based on total heating surface. Then it is possible 
to assign a capacity value or rating-to a heating boiler based on: 


1. Heating surface. 
2. Grate area. 


The proposed Code defines the rating as the heating surface multiplied by a 
factor of 14. There is a precedent in the choice of such a factor. Ratings 
for power boilers have been made for years on the basis of 10 sq ft of heating 
surface per boiler horse-power. A boiler horse-power is defined as the evapora- 
tion of 34.5 lb of water per hour, from and at 212 F. This is equal to the 
delivery of 34.5 971.7 (latent heat at 212 F) or 33,524 Btu per hour. Ex- 


, a , , 33,524 
pressed in square feet of radiation, a boiler horse-power is equal to 740 or 


139.7, practically 140. With 10 sq ft of heating surface per boiler horse-power 
of rating, the ratio of rating to heating surface becomes 14, the figure selected. 


The practice in former years im selecting boilers based on boiler horse-power 
was to allow one boiler horse-power for every 100 sq ft of radiation leaving 
a margin of 40 per cent to take care of losses in mains, risers and returns. 
This is equivalent to making the boiler rating 10 times the heating surface. 
Since 40 per cent is rarely required to care for losses due to mains, etc., present 
boiler ratings have been assigned on ratios varying from 10 to 12 times the 
heating surface, the manufacturer recommending that losses due to mains, 
risers and returns need not be figured but that the boiler be selected on the 
basis of installed radiation. Other manufacturers have assigned still higher 
ratings based on values as high as 14 times the heating surface and recom- 
mending that the entire normal load be used in selecting the proper size of 
boiler. A uniform method is desirable, consequently the proposed Code recom- 
mends in placing the rating at 14 times the heating surface, that the total normal 
load be used in selection. By this method the boiler rating is equal to the 
boiler output required for the normal heat demand. 


Fig. 1 shows how present boiler ratings are based on heating surface. Al- 
though more than 800 boiler sizes are plotted, there are not this number of 
points indicated as some of the values are coincident. The curve shown gives 
values of ratings equal to 14 times the heating surface. Similarly, Fig. 2 
indicates the relation between grate area and rating for the same boilers. The 
curves shown are plotted from the formule given in the Code. 

In order to give a clear conception of the Code requirements, Table 1 shows 
the minimum heating surface and grate areas for boilers of various ratings. 
For each rating, values of combustion rate, fuel charge and firing period are 
given for the condition when the boiler output is equal to the rating. 


The formule for minimum grate area were developed after due consideration 
had been given to the various factors involved. In general, small boilers in- 
stalled in residences are connected to chimneys of 30 or 40 ft in height. The 
draft available from such chimneys is comparatively small in value. Long 
periods of time without attention to the fire are desirable. In hand-fired boilers 
the grate must be utilized partly as fuel storage space. Consequently, rates 
of combustion for small boilers must be kept low in value. Larger boilers have 
higher chimneys, are fired more frequently and therefore may be allowed 
higher combustion rates. 
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While more grate area should be allowed for small boilers than for large 
boilers, it seemed that the rating of boilers of acceptable proportions increased 
approximately according to the square of the grate area. This can be readily 
noted by reference to Fig 2. The formule cover two ranges of rating values 
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Fic, 1. Revation or Present Borter Ratincs To HEATING SURFACE 


as it was considered easier to use even instead of fractional exponents. Re- 
sulting grate areas calculated by the formule were also checked with the 
allowances made by the other authorities? and found to agree quite closely. 
There is no priming limitation mentioned in this Code. It has always been 
tacitly understood that a boiler built for producing steam means one capable 


2 Net loads for Heating Boilers issued by the Heating and Piping Contractors National 
Association in April, 1929. ‘ 
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Taste 1. Minimum Heatinc SurFAce AND GRATE AREA REQUIREMENTS WITH 
CORRESPONDING FirinG (CHARACTERISTICS WHEN Bolter QOutrut Is EQuaL 
To RATING 

z Combustion 
= Heating Grate Rate* Fuel Firing 
Sq Ft Surface Area Lb Coal Charge Period 
Steam Sq Ft Sq Ft wd ol Lb Hours 

Radiation ‘ per Hour 
300 21.4 1.98 4.66 78 8.5 
400 28.6 2.80 4.39 111 9.0 
500 35.7 3.42 4.49 135 8.8 
750 53.6 4.64 4.97 184 8.0 
1,000 71.4 5.60 5.49 222 ‘a 
1,500 107 7.14 6.47 283 6.1 
2,000 143 8.39 7.34 332 5.4 
2,500 178 9.5 8.1 376 4.9 
3,000 214 10.5 8.8 415 4.5 
4,000 286 12.2 10.1 483 3.9 
5,000 357 14.4 10.7 570 bw 
6,000 429 16.4 11.2 650 3.5 
7,000 500 18.1 11.9 716 3.2 
8,000 571 19.7 12.5 780 LE. 
9,000 642 21.1 13.1 835 3.0 
10,000 714 a5 13.7 890 2.9 
12,000 857 25.0 14.8 990 ae 
14,000 1,000 27.3 15.8 1,080 2.5 
16,000 1,143 29.4 16.7 1,164 2.4 
18,000 1,285 31.4 17.6 1,243 a: 
20,000 1,430 33.2 18.5 1,314 2-1 
22,500 1,608 35.3 19.6 1,397 2.0 
25,000 1,780 37.4 20.6 1,480 1.9 
27,500 1,963 39.3 21.5 1,555 1.8 
30,000 2,140 41.1 22.4 1,626 1.8 
32,500 2,320 42.9 23.3 1,700 1.7 
35,000 2,500 44.5 24.2 1,760 1.6 




















a Combustion rate calculated for 65 per cent efficiency and 12,000 Btu coal. Fuel charge based 
on 10 in. depth of coal weighing 47.5 Ib per cu ft. 


of furnishing steam only and not a mixture of steam and water. A limitation 
of moisture content of 2 or 3 per cent would be acceptable and reasonable. 
Since a boiler which would furnish more than a reasonable amount of moisture 
with the steam could be no longer classed as a steam boiler, it is believed un- 
necessary to comment further on this point. 


Rating, according to this Code, is made equal to the estimated design load 
or normal load and is the recommended basis of selection. The three items 
considered as making up the estimated design load are the same as items A, B 
and C outlined in Section V of the A.S.H.V.E. Code of Minimum Require- 
ments for the Heating and Ventilation of Buildings. No reference has been 
made to starting load or the load imposed on the boiler due to warming up cold 
mains and radiation. The starting load is considered an overload on the boiler 
above its rating and is taken care of by the boiler manufacturer in the speci- 
fication of chimney for each boiler. Under present methods of selecting steel 


boilers and with chimneys as recommended, the maximum output exceeds the 
total requirements as specified in the Code of Minimum Requirements. In 
other words, there is greater margin allowed between maximum capacity 
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developed and normal load. Maximum capacity is dependent primarily on 
available draft and efficiency of the heating surface. 

The constants used in the Code for the determination of rating are ad- 
mittedly arbitrary. Yet these constants have been selected with due regard to 
controlling factors. Furthermore, the boiler manufacturers themselves have 


Rating in Sq. Ft. of Steam Radiation 





Grate Area in Square Feet 


Fic. 2. Re-ation oF Present Borter Ratincs To GRATE AREA 


expressed willingness to be governed by these values with the idea of securing 
uniformity in the method of rating. The individuality of any boiler manufac- 
turer is not submerged since the question of capacity only is covered and the 
question of efficiency is left open. 


No attempt has been made to evaluate heating surface. Otherwise this Code 
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might have the aspect of a construction Code rather than a sizing Code. Never- 
theless, the requirement of a total heating surface of a certain value will insure 
a certain minimum efficiency. Efficiencies of a higher degree will be governed 
entirely by the ingenuity of the manufacturer in providing not only for high 
furnace efficiency by means of insuring thorough mixing and burning of the 
gases before they leave the furnace, but also by providing sufficient water vol- 
ume for the heating surface, thereby preventing steam blocking, with con- 
sequent rapid decrease in heat transmission as the rate of heat transfer increases. 


CODE FOR THE RATING OF LOW PRESSURE HEATING BOILERS 


Adopted by the Steel Heating Boiler Institute December 10, 1929. 


1. The purpose of this Code is to provide a uniform method of rating Low Pressure 
Heating Boilers. 


2. The rating of a boiler shall be expressed as square feet of steam or water radia- 
tion or as Btu per hour. 


3. For purposes of this Code, boilers are divided into two general classes as follows: 


A. jae and Water Boilers in which solid fuel, hand fired, is used as the heat generating 
ium. 
B. Steam and Water Boilers in which solid fuel, mechanically fired, oil or gas is used 
as the heat generating medium. 


4. The rating of a boiler in Class A, expressed in square feet of steam radiation, 
shall be not more than fourteen times the heating surface of that boiler in 
square feet. 

5. The grate area of a boiler for the rating as determined by Section 4 shall be not 


less than that determined by the following formulae: 
For boilers with ratings 300 sq ft to 4000 sq ft of steam radiation; 








Gee sili Ro Rating (in sq ft Steam Radiation )—200 
25.5 
For boilers with ratings of 4000 sq ft of steam radiation and larger; 


: . (a Rating (in sq ft Steam Radiation )—1500 
Grate area= 
16.8 


6. The rating of a boiler in Class B, expressed in square feet of steam radiation, 
shall be not more than seventeen times the heating surface of that boiler in 
square feet. 


7. The furnace volume of a boiler (as defined in Section 10) for the rating (as 
determined by Section 6) shall be not less than one cubic foot for every one 
hundred and forty square feet of steam rating. 


8. Boilers selected on the basis of this Code shall be connected to stack and 
breeching in accordance with the manufacturer’s specifications. 


9. The rating as defined above for purposes of selection is intended to correspond 

to the estimated design load, which is to be the sum of items, A, B and C. 

A. The estimated normal heat emission of the connected radiation required to heat the 
building as determined by accepted practice expressed in square feet of radiation or 
in Btu per hour. 

B. The estimated maximum heat required by water heaters or other apparatus connected 
to the boiler, expressed in square feet of radiation or in Btu per hour. 

Cc. The estimated heat emission of piving connecting radiation and other apparatus to the 
boiler expressed in square feet of radiation or in Btu per hour. 


10. Definitions: 

For purposes of this Code the following definitions will be used: 

A. One square foot of steam radiation shall be considered equal to the emission of 240 Btu 
per hour and one square foot of water radiation shall be considered equal to the 
emission of 150 Btu per hour. 

B. Heating surface shall be expressed in square feet and include those surfaces in the 
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boiler which are exposed to products of combustion on one side and water on the other. 
The outer surface of tubes shall be used. 

Grate area shall be considered as the area of the grate surface expressed in square feet 
and measured in the plane of the top surface of the grate. For double grate boilers 
the grate area shall be considered as the area of the upper grate plus 4% the area of 
the lower grate. 

Furnace volume shall be considered as the cubical content of the furnace between 
the top of the base or the normal grate line and the plane of entry into or between 
the tubes plus the net base volume under the firebox. The net base volume shall be 
determined by deducting the volume of the refractory lining from the gross volume 
under the firebox. 


The Discussion of this paper appears on page 45 as a Joint Discussion on 
Report of Continuing Committee on Codes for Testing and Rating Steam 
Heating Solid Fuel Boilers. 
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AIRATION STUDIES OF GARAGES 


W. C. RANDALL’ (MEMBER), and L, W. LeonHARD® (NON-MEMBER) Detroit, MIcH. 


i AHE problem of heating rather than that of airation or ventilation is the 
main reason for the acute condition that at times prevails in garages due 
to the presence of carbon monoxide. This is evident from the investiga- 

tion which showed that objections to carbon monoxide gas only occur, with 

very few exceptions, during certain periods of the cold months of the year. 

During the warm months of the year, practically no trouble is experienced since 

doors and windows are usually open. Surveys made it apparent that, to an 

unusual extent, adequate air can be supplied by natural means. As cold 
weather sets in, more and more of the veritilation openings are closed in order 
that comfortable temperatures can be maintained within the buildings until, 
on extremely cold days, very few windows are open, with a result that the 
carbon monoxide concentration runs high. This condition is particularly 
troublesome towards the end of the day, possibly due not only to the higher 
concentrations, but also a decreasing resistance to the effects of CO. The 
closing of ventilation openings usually can be charged to either an insufficient 
heating installation or one operated much below capacity for economic reasons. 

This investigation was made to determine the use made of airation or natural 
ventilation as a means of diluting the carbon monoxide concentration of the 
air in various types of garages. 

The research included a great many explorations conducted in four types of 
garages—Multi-story ramp, Auto service garage, Alley repair shop and the 
Private home garage, and extended over portions of three years, during both 
summer and winter conditions. It consisted of a study of the airation, the 
carbon monoxide concentration of the air within the buildings, and at times 
the effect of carbon monoxide poisoning upon the employees. In the presenta- 
tion, each type of garage will be treated separately; such explorations being 
chosen as will, in the opinion of the authors, best typify the general conditions. 


METHOD 


Most of the surveys were conducted in the following manner: An airation 
survey of the building was made to determine the quantity of air entering and 
leaving. This was done by multiplying the area of each opening by the average 
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velocity of air passing through that opening as measured by an anemometer. 
With such a method, any important discrepancies were easily found because 
the total inflow of air should approximately equal the total outflow. Samples 
of the air within the building were taken in at least six localities on each 
floor, at the floor level, and in the later surveys also at a level about 5 ft above 
the floor. The samples were taken by purging the original air from 250 cu cm 
bottles by means of a rubber aspirator bulb with attached scrubber, and were 
analyzed by the Pyrotannic Acid Method* for yuantitative determination of 
carbon monoxide in air. Employees were questioned to determine whether or 
not they experienced any symptoms of carbon monoxide poisoning. 


Mutt1-Story RAMP GARAGES 


This type of garage has become popular in congested districts of all large 
cities for the protected parking and storage of automobiles. It enables the 
storage or parking of a large number of cars over a relatively small ground 
area and differs from the ordinary service garage by having a large percentage 
of the floor space available for parking. Little or no repair work is carried 
on within the building. 

Three such garages were studied: Two are five and eight stories high, re- 
spectively, having three walls pierced with openings and the maximum total 
square feet of openings on each floor less than 3 per cent of the floor area, with 
the exception of the first floor where there are large door openings. Natural 
ventilation is employed throughout with the exception of a small fan exhauster, 
located near the roof on the uppermost floor where cars are washed and the 
windows are kept closed most of time to maintain comfortable working tem- 
peratures. 

The buildings are heated by a direct steam radiation and a temperature of 
not less than 40 F is maintained. 

A larger garage of this same type was also studied. It was a 12-story struc- 
ture, Fig.-1, about 150 ft 100 ft with a cubical content of about 1,500,000 
cu ft. It has steel windows on all four elevations and is similar to the others 
in design and layout. It differs as to the heating system and employs unit 
heaters instead of radiators. The temperature in this building is maintained 
between 50 and 60 F, in the cold months. 

From the garage records, it was found that the average total number of 
cars handled for one day during the busiest season of the year was about 460 
for the five-story garage, 1,050 for the eight-story, and about 1,450 for the 
12-story garage. These figures are based upon one day’s average of the total 
number of cars handled during one week not including Sunday. Of the total 
number of cars handled during any day but Sunday, about 60 per cent enter 
the buildings between the hours of 8:00 a. m. and 9:30 a. m., and leave between 
3:30 p.m. and 5:00 p.m. During these periods, which might be termed the 
daily rush hours, the CO concentrations varied from one-half of one part to 
two parts per 10,000 of air, and such high concentrations would not have existed 
if more windows had been opened, allowing more air to enter and leave the 
building, and more heat had been supplied to maintain the desired temperature. 

One investigation on the 12-story garage showed that about 1,000 cars moved 


*Technical Paper No. 373, Department of Commerce—The Pyrotannic Acid Method for 
oe Determination of Carbon Monoxide in Blood and in Air—by R. R. Sayers and 
ant. 
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in or out of the garage during the rush period of two hours. The average time 
interval for parking the car or from the starting of the motor until the car 
leaves the building is about 2 min. The carbon monoxide exhausted was 
probably 134 cu ft* per car minute. This would mean that about 3,000 cu ft 
of CO was exhausted into the garage during the two hours, or an average 
of about 25 cu ft per minute. 

The airation survey showed that about 25 per cent of the window openings 
or the equivalent of less than 1 per cent of the floor area were being utilized 
or about 50 sq ft for inflow and about the same for outflow. per floor. The 
average velocity of the air passing through the window openings as measured 





Fic. 1—Tue Twetve-story Ramp GARAGE 


by an anemometer was about 250 fpm. The total inflow and outflow was ap- 
proximately 150,000 cu ft per minute or six air changes per hour. This shows 
a concentration of about 1 part CO in 6,000 of air or about 1% parts per 
10,000. As soon as the rush period was over the CO was soon diluted to about 
Y% part per 10,000 or less. 


Ordinarily,5 exposure to concentrations as high as two parts per 10,000 for 
such a short time would show little, if any, symptoms of CO poisoning. It 
was found that such a high concentration at the close of a day’s work was 
sometimes just enough to increase the CO concentration in the blood of the 
employees, who had been exposed to low, ineffective CO concentration all day, 
to the extent that severe headache resulted. 


The suggestion was made that more windows be opened during the rush 
hours in the afternoon, but this was met with the answer that the inside tem- 
perature would be lowered so much that the patrons would protest, thinking 


~ ¢TRANSACTIONS of the American Society or HeaTING AND VENTILATING ENGINEERS, 1921, 
p. 311. 

5 Physiological Effects of Automobile Exhaust ae and Standards of Ventilation for Brief 
Exposures—Yandel Henderson, H. W. Haggard, M. C. Teague, A. L. Prince and Ruth M. 
Wunderlich. Journal of Industrial Hygiene, Vol. 3, July, 1921, 














ee ee 








236 TRANSACTIONS AMERICAN SOcIETY OF HEATING AND VENTILATING ENGINEERS 


TABLE 1—AIRATION SURVEY OF MULTI-story RAMP GARAGE 





























West Winde<6 Miles Per H 
yt ny Sceadienen os aa Survey A 
Outside Temperature—45° 
A CO in Parts ‘ 
~ perio000 of air | Quemes | Mima | atom 
f Infi i 
Number rat. 5 Ft Above ° =" . otis 

12 0.4 0.4 235 55 12,900 
11 0.8 0.8 250 30 7,500 
10 0.4 0.4 240 58 13,900 
9 0.4 0.4 250 47 11,700 

8 0.4 0.4 250 49 12,200 

7 0.4 0.4 260 45 11,700 

6 0.4 0.4 280 43 12,000 

5 0.4 0.4 270 47 12,700 

4 0.8 0.8 265 61 16,200 

3 0. 0.4 250 52 13,000 

2 Trace Trace 240 55 13,200 

1 Trace Trace 225 80 18,000 
Total 5.0 5.0 622 155,000 
Average 0.41 0.41 251 51 12,900 

















their cars had been exposed to such a temperature all day, thus defeating one 
of the purposes of protected parking. More heat during the rush hours would, 
undoubtedly, have eliminated the objectionable situation, since more effective 
airation would have been possible. 


Although the 12-story garage, Fig. 1, handled considerably more cars than 
either of the other two. Figs. 2 and 3, the CO concentrations were practically 
the same, since the cubical contents per car in all these garages was not 
materially. different. 


The carbon monoxide seemed to be well diffused or distributed. Table 1 
shows there was practically no difference in the concentration of carbon mon- 
oxide at the floor level and five feet above the floor. This is probably due to 
the constant agitation of the air caused by the cars being driven to and from 
the parking stalls. The concentration on the lower floors was always less than 
on the upper floors due to the large volume of air admitted through the large 
entrance and exit doors which were being opened and closed continuously. 
No pockets of high concentration were found. 


A typical survey for the summer conditions in one of the five story ramp 
garages is shown in Table 2. 


It will be noted that but a trace of carbon monoxide was found at any time. 
The number of cars handled in and out was about 200 for the four hours of 
the survey. The CO exhausted was probably not more than 1 cfm and based 
on an average of 114 min running per car, this would mean about 300 cu ft 
of CO or 75 cu ft per hour, somewhat less than 14% cfm—with approximately 
60,000 cu ft of air per minute blowing through the building this would mean 
about 0.25 parts per 10,000 of air, which is very hard to measure accurately 
and is indicated in the table as a trace. 
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Auto SERVICE GARAGE 


The modern auto service type of garage, Fig. 4, is usually a single or double 
story structure in which automobiles are both stored and repaired. In the 
case of the two story garage, the cars are usually stored on the lower floor, 
while the repair work is normally done on the second floor. The two floors 
are connected by a ramp or elevator for communication. 

In the course of repair work, particularly light repairs and service, the 
engines exhaust directly into the working zone and contaminate the surround- 
ing air with carbon monoxide gas. During these operations, the car is seldom 
in motion and the exhaust gases are not so readily diffused as in the Ramp 
Parking garage. 

Observations and tests were made in three garages of this type, one being 





Fic. 2—Eicut-story Ramp GARAGE 


a two story structure, Fig. 4, which employed both natural and mechanical 
means of getting air into and out of the building. Mechanically, air was 
drawn in through individual ducts, forced through unit heaters and exhausted 
at about 500 fpm velocity near the ceiling. These heaters were provided with 
a damper which could be adjusted to provide total or partial recirculation of 
inside air. A mechanical exhaust duct system in the floor exhausted about 
50 per cent of the total inlet capacity of unit heaters while open windows pro- 
vided the remaining necessary exhaust outlets, and, at the same time, additional 
inlets. 


This building, Fig. 4, has a content of about 500,000 cu ft. Steel windows 
are used in all four elevations. The total ventilating window area available 
is about 2,000 sq ft or about 4 per cent of the floor area. 


Tests were conducted in this garage during the months of January and 
February, a time when repair work was not at a peak, although the average 
amount was being done for that particular time of year. Most of the tests 
were made with the unit heaters set for total recirculation just as they had 
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been operating probably ever since installation and, as a result, a great many 
windows were found open to provide inlet as well as outlet of air. 


One survey showed that about 35 cars moved in and out during the day for 
all types of repairs from minor adjustments to major repairs. As nearly as 
could be observed, the average time that the engine was running was about 
8 min. This would mean about 280 total car minutes, and based on 1% cu ft 
of CO being exhausted per minute per car, there would be exhausted a total 
of 420 cu ft of CO. There were about 95 sq ft of windows serving as inlets 
for air, and a similar amount for outflow, or a total of approximately 0.5 per 
cent of the floor area. The average inflow velocity was about 180 fpm, giving 
an inflow and outflow of about 18,000 cfm or about 8,000,000 cu ft per eight 
hour day, two air changes per hour. This volume also, includes the inflow 
through the entrance door. Under such conditions, the carbon monoxide con- 
centration ranged from a trace to about one-half of one part per 10,000 of 
air, which, of course, registered no ill effects upon the workmen. On this 
particular occasion, the inside temperature was about 60 deg and the outside 
temperature averaged 25 deg, survey C—Table 3. The unit heaters were 
operated on a 100 per cent recirculating basis. 


During a rush period when 50 or more cars are handled each day, and the 
same volume of air flowing through the building, the averagé carbon mon- 
oxide concentration would be about one part per 10,000 and at times possibly 
two parts per 10,000 or more. Under such conditions, if the weather was 
cold, and less windows were open the conditions would be acute. This is 
particularly true when the men have been exposed to, say, one-half part of 
CO per 10,000 of air during most of the day and, due to an increase in the 
number of cars moved near the end of the day, the CO concentration is some- 
times raised to two parts or more per 10,000 for a short time. The answer to 
this is that in accordance with the volume of CO exhausted from running autos, 
sufficient air must be introduced to dilute the CO concentration below a dis- 
agreeable degree and whether this required air is introduced through open 
windows, or otherwise, it must be heated to a comfortable temperature. 


TABLE 2—AIRATION SuRVEY oF Five-story RAMP GARAGE 





Average Conditions 























S. W. Wind—6 Miles Per Hour Survey B 
Window 

; —.4 Aver. Inflow 

T Fl Aver. CO in Parts Aver Inlet : 
A. M. Number | Per 10,000 of Air Sie Openings = 
9 :00- 5 Trace 307 46 14,000 
10:00 4 Trace 328 50 16,500 
11 :00 3 Trace 333 40 13,300 
12:00 2 Trace 305 52 16,000 
188 59,800 
— Trace 318 47 14,900 
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The foregoing statements are made on the basis that no direct method of 
exhausting the fumes from the cars is used to take the gases through some 
exhaust duct system to the outside. 

Tests were made on another day under almost identical conditions, with the 
exception that no air was recirculated through the heaters. Under these con- 
ditions, it was found that about 20,000 cu ft of air per minute was passing 
through the building and the carbon monoxide concentration was the same as 
before—ranging from a trace to about one-half of one part per 10,000 of air. 
The outside temperature was 17 deg and the inside sens was about 
56 deg, survey D—Table 3. 

In either case, only a portion of the total available ventilation was being 
used, but if more windows had been opened under the conditions, without 
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supplying more heat, the inside temperature would, undoubtedly, have been 
lowered to an uncomfortable degree. This was proven out by other tests made 
on days when the outside temperature was very close to zero, under which 
conditions the inside temperature varied between 48 and 52 deg. Such tem- 
peratures were uncomfortable, but the workmen were content to sacrifice com- 
fort for air low in CO concentration. 

In general, it can be said that the carbon monoxide was well diffused; that 
is, the concentration at the floor level and 5 ft above the floor was practically 
the same, and this seemed to be true whether the air was admitted through 
the window openings as natural ventilation or through the unit heaters as 
mechanical ventilation. Probably it was the agitation of air caused by the high 
velocity of the unit heater exhausts, in either case, which caused such a com- 
plete diffusion of the carbon monoxide gas. 

This garage was cited as one in which considerable trouble was experienced 
from high concentrations of carbon monoxide gas but results of tests conducted 
on 14 different days, when conditions were most favorable for high CO con- 
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Taste 3—Resu_ts oF Two ArIRATION SurveEYS oF A Two-story Auto SERVICE 
Type GARAGE 




















Average Conditions—Survey C Average Conditions—Survey D 
West Wind—4 Miles Per Hour Northwest Wind—6 Miles Per Hour 
Inside Temperature—62° Inside Temperature—56° 
Outside Temperature—25° Outside Temperature 17° 
eg 2 in bey 
0, i s 
ervey | Pleoe |_| Ae | oni | Veer 
Number Number At 5 Ft Above fom oq ft aes 
Floor Floor 
1 0.4 0.4 
* 
e 2 0.5 0.5 180 95 18,000 
1 0.5 0.5 500 33-U.H 
*** 
D 2 | 0.5 0.5 150 20-W 20,000 


























* During Survey C air was introduced through windows only. ; 
** During Survey D air was introduced through unit heaters and window openings, The 
500 velocity was through the heaters and the 150 was the velocity through 20 sq ft of window 


opening. 





centrations, seemed to indicate that there was more discomfort experienced 
from inadequate heating than from carbon monoxide poisoning. 

Two other garages of the auto service type were studied, but not so ex- 
tensively as the one just discussed—these are of the common single story type, 
having three walls pierced with ventilation openings whose total area is about 
3 per cent of the floor area. Natural ventilation is employed throughout, and 
heat is supplied by direct steam radiation. 

As a result of the few tests conducted in these buildings, and information 
gathered from the management, it was found that as long as the outside tem- 
peratures permitted the opening of at least 50 per cent of the total window 
ventilators, practically no symptoms of carbon monoxide poisoning were ex- 
perienced. 

Tests made during near zero weather showed that the CO was not very 
uniformly diffused throughout the building. Air samples taken at the floor 
level showed slightly higher concentrations than those taken about 5 ft above 
the floor, and the highest concentration recorded was between 1% and 2 parts 
per 10,000 of air. This condition existed directly after a motor tuning oper- 
ation, but only for a few minutes until the doors were opened to clear the 
building of the smoke and gas, or opened to let a car in or out. During such 
cold weather the windows and doors are usually kept closed, but as soon as 
a motor is run for tuning or other adjustments, the doors are opened until the 
operation is completed. In other words, the workmen have learned their lesson ; 
they prefer to dilute the poisonous gas before it has time to register any ill 
effects upon them, but in doing so, they usually sacrifice comfortable werking 
temperatures, at least temporarily. 


ALLEY REPAIR SHOPS 


Garages of this type are small auto repair shops usually found up an alley 
and located in an old barn or storage shed or some other structure which 
was never designed to serve such a purpose, Usually these shops can only 
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accommodate from four to six cars and are provided with no other ventilation 
openings except the service doors and possibly a window or two. 

A few of the shops studied are heated by direct steam radiation, others by 
stoves and a few are not provided with heating equipment of any kind. Where 
no heating equipment is provided, practically no work is done during severe 
cold weather. 


As a result of observations made in a number of these repair shops, and of 
information gained from questioning employees and the proprietors, it was 
found that, on the average, carbon monoxide poisoning is not as serious a prob- 
lem in these shops as it is in the Service Garages. The reason for this is 
that a motor is seldom run within the building unless the doors are open. 





Fic, 4—-Tue Two-story Auto Service GARAGE 


Practically all motor testing and running-in of bearings is done outside. It is 
interesting to note that one was provided with an old flexible metal hose for 
piping the exhaust to the outside. 


PrivATE HoME GARAGE 


A few tests were conducted in a private, two-car garage to determine the 
rate of increase of the carbon monoxide concentration of the air for the condi- 
tions with the engine idling and the engine racing, while all doors and windows 
of the garage were tightly closed. 


A four cylinder Chevrolet car was placed in a double garage, and after all 
doors and windows were closed, the motor was started and allowed to run at an 
idling speed for 10 min. Samples of the air at floor level and breathing level 
were taken every 2 min. At the end of the 10-min period, the motor was 
stopped, the doors were opened and the garage was allowed to air for about 
5 min. Then the doors were again closed, the throttle on the motor was set 
at a racing speed and the same sampling procedure was followed as before. 

On the basis that the garage contained about 3,000 cu ft of air, it is seen that 
with the engine exhausting between 1 and 1% cu ft of carbon monoxide per 
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minute, the CO concentration would be about four to five parts per 10,000 for 
the first minute of running, which, of course, would be a dangerous concentra- 
tion to breathe. After 15 min running, the concentration would be between 
50 and 60 parts per 10,000 which would probably be fatal. Knowing this to be 
the case, the survey was made by going in and out through an outside door 
every 2 min while air samples were being taken. Owing probably to the fact 
that air was introduced during each entrance and exit, the samples were not 
indicative of the true condition and, since no reasonable check on the data was 
obtained, the results of these tests are not shown. Certainly all indications 
pointed to the fact that a small, closed garage is no place for a man to be if 
the engine is running. 


CoNCLUSIONS 
Multi-story Ramp Garage 


1. Sufficient air can be furnished through window openings, as natural ven- 
tilation, to keep the carbon monoxide concentration below a harmful or even 
disagreeable degree. 


2. Higher concentrations of carbon monoxide were found to occur on ex- 
tremely cold days when it became necessary to close all or all but a few 
windows in order that comfortable inside temperatures might be maintained. 


3. Tests showed that the carbon monoxide content of the air in this type 
of garage is practically the same at the floor level as it is five feet above the 
floor. This is due to the fact that a motor is seldom running unless the car 
is in motion and the gas is well diffused by the action of cars going up and 
down the ramps. 


4. Rush periods occur between the hours 8:00 a.m. to 9:30 a.m. and 4:00 
p.m. to 5:30 p.m. during which periods 60 per cent of the total cars handled 
throughout the day enter and leave the buildings respectively. The CO con- 
centrations during these periods were found to range from one-half to two 
parts per 10,000 of air, depending upon the amount of air movement. 


5. The carbon monoxide concentration between the rush hours was almost 
always below one-half part per 10,000 of air which produced no ill effects. 


6. The CO concentration during the rush hour was sometimes high enough 
to increase the existing low concentration in the blood of the attendants to 
the extent that headache developed. 


7. The total available ventilation area was never utilized except on hot days 
in the summer. 


Auto Service Garage 


1. Practically no trouble would be experienced from carbon monoxide poison- 
ing in the garages studied if some reasonable percentage of the available 
ventilation areas were utilized. 


2. Where unit heaters are employed, the carbon monoxide is more thoroughly 
diffused than where direct radiation is used. 


3. In the garages studied, sufficient heat was not supplied in cold weather 
to warm the necessary volume of air to a comfortable temperature. 
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Alley Repair Shops 
1. Carbon monoxide poisoning is not a serious problem in these shops, since 
motors are seldom operated within the building unless the doors are open. 


Private Home Garages 

1. A four cylinder motor operating at a racing speed in a two car garage 
with doors and windows closed would produce a concentration of carbon mon- 
oxide which would probably cause death to anyone exposed to it for 10 min 
or more. 


DISCUSSION 


A. Vocer (Written): The problems of natural ventilation are of great 
importance in large industrial buildings. Industrial plants of today are 
changing in character very rapidly. In fact, it is freely predicted that the 
industrial plant of the near future will consist generally of one large building. 
We have already prepared studies of two plants for the General Electric Co., 
which will be essentially single buildings of such large area that the problems 
of natural ventilation will be very serious. 

In the Illuminating Engineering Society we have had a Committee on Natural 
Lighting for some years, and the work of that committee has progressed to the 
extent that we are able to predict quite accurately the natural lighting in build- 
ings. In fact, in one plant recently completed in Peterboro, Ontario, Canada, the 
natural ilumination is of such excellent quality that I doubt whether it can be 
improved economically. 

We hope that the Natural Ventilation Committee of the Society will be 
able to do something comparable in the natural ventilation of buildings. 

Let us consider as an example one of the new type plants—a building of large 
area approximately 900 ft by 1,800 ft. The only means of natural ventilation, of 
course, will be through the roof and side walls. The side walls, however, are at 
such great distances from the central portion of the building that they must be 
largely neglected. It seems, then, that we must consider roof ventilation only. 
One of our members, Mr. Randall, has carried out quite a number of experi- 
ments in the natural ventilation of such buildings and has found that the pre- 
vailing winds cause air to enter certain skylights, pass through the building, and 
leave by other skylights. Sufficient experiments have been performed so that 
this form of natural ventilation can be determined from the plans of the building 
and Weather Bureau data. 


It has been found, also, that when large volumes of heat are generated in 
manufacturing processes, a very appreciable effect is produced on the natural 
ventilation of the building. It will be necessary to make measurements and 
study this problem over a period of several years before any conclusion can be 
drawn. 

The work of Professor Emswiler in natural ventilation is also noteworthy and 
so it may be observed that our Committee has started with some basis for its 
work, but we need the cooperation of many members of this Society in order to 
carry it forward. 

Referring again to the Jlluminating Engineeriny Society we started with a 
very small number in the Natural Lighting Committee, and now that committee 
has reached a membership of nearly 20 members and includes men interested in 
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illumination from all over the United States. It is hoped that the Committee on 
Natural Ventilation of this Society will grow and that we will have men inter- 
ested in this subject from all over, including not only men interested in industrial 
plants, as I am, but also men interested in the design of large office buildings, 
such as the recently completed Chrysler Building in New York, and also other 
buildings wherein natural ventilation has a decided effect on the heating system. 


The particular problem Mr. Randall presented, relating to. the airation of 
garages, is of interest not only in connection with garages but also in industrial 
plants where fumes of various types are given off. Most states have codes 
requiring that fumes from plating rooms, etc., be exhausted by mechanical means, 
but the codes generally do not mention oil furnaces welding, and other processes. 
The solution of all these problems can be very much facilitated by a thorough 
study of natural ventilation and the members cooperation with the Committee on 
Natural Ventilation is earnestly desired. 

E. K. Campsett: I want to compliment Mr. Randall very highly for this 
work. He and his associates have done an immense amount of painstaking 
work and have reached certain conclusions which, I think, are binding. It is 
unfortunate, however, that due in part, at least, to improper analysis of the 
complete problem, or possibly because it was approached from a different angle, 
they did not investigate or take many tests during what we might call the peak 
load periods in the garage. It is essential to know conditions during the 
arriva! of the greatest number of cars, while they are being put away also at 
times when a great number are warming up to go out. 


I think the author’s conclusion that the CO problem in a garage is directly 
related to the heating problem is correct. I also think that it applies to a lot of 
other things and is the important consideration in settling the open window 
ventilation problem. Open window ventilation is good under most conditions 
as long as the windows can be opened with comfort. When comfort disappears 
ventilation problem goes with it. The CO problem begins when windows are 
closed for lack of comfort and under peak load operation. 


W. H. Scuutze: The Baltimore City Health Department has just recently 
started some work or is intending to start some work on the concentration of 
carbon monoxide in garages. We have done a lot of work on carbon monoxide 
as given off from gas appliances and the City of Baltimore has in force a gas 
appliance ordinance which takes care of the registration of gas appliances. We 
intend to go into this garage work more as a study of the effects of small doses 
of carbon monoxide rather than large doses. In other words, a chronic carbon 
monoxide poisoning. I am greatly interested to hear that a good deal of this 
work has been done in garages, but I-am sure that a great deal remains to be 
done. 

W. C. Ranpat_: With reference to the remarks of Mr. Campbell, on this 
question of peak loads, manifestly our investigation was limited at that point. 
With few exceptions our investigations indicated maximums around two and 
a half to three parts per 10,000. So far as the Society is concerned and so 
far as any code is concerned, I am quite sure that further investigation should 
be made particularly with reference to those conditions in which a more acute 
situation prevails than those considered by the authors. 

I would call Mr. Schulze’s attention to the references in the paper dealing 
with some very commendable work along the lines he mentioned. The authors 
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felt that they could accept the criteria of some place between a foot and a foot 
and a half carbon monoxide per minute running time of the car and we could 
accept some of the figures as to the danger point and, incidentally, the so-called 
grumble point, as it might be called around two to two and a half, when the 
garage men begin to kick. 

With reference to the work of the Natural Ventilation Committee that Mr. 
Vogel has referred to, I have had the pleasure of working with Mr. Vogel on 
day lighting committees. I think we have accomplished considerably more on 
day lighting than we have on natural ventilation. 


As to the method of predicting the flow, due to the forces of nature, tempera- 
ture and wind and a combination thereof, I have collected some data, and at some 
future time I have in mind presenting to the Society for their approval some 
very practical methods not entirely accurate scientifically, but for all intents and 
purposes certainly a lot closer and a lot better than the general methods used 
today. 

H. M. Hart: It would seem to me that inasmuch as the committee are 
pretty well agreed on the amount of carbon monoxide generated per car, the 
real need now is to conduct some investigation on the number of cars in oper- 
ation in garages of different types at the peak load. That is the problem that 
always comes up to the engineer when he is trying io design a ventilating system 
to take care of a garage. An ordinance in Chicago requires that there shall be 
provided 5,000 cu ft of air per minute per car under operation in a garage, 
but the question is, how many cars are going to be in operation? The only way 
they have of getting around that is to have a written agreement with the owner 
of the garage on certain limits, but I doubt whether the specified limits are 
adhered to. 


E. C. Evans: All of the work that the committee has been doing has been 
on garages above ground. I would just like to offer a few suggestions that in 
Pittsburgh we have a very modern, up-to-date office building in which there are 
five floors of garage space below the ground. I am quite sure the committee 
could get permission to investigate perhaps not for publicity but just to have a 
garage below ground that they could test and know what takes place in a space 
of that type. 
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No. 860 


PIPE AND ORIFICE SIZES FOR SMALL 
GRAVITY CIRCULATION HOT WATER 
HEATING SYSTEMS 


By Eimer G. SmitnH’ (MEMBER), Cotrece Station, Texas 


The results of co-operative research between the A, S. H. V. E. and 
the Texas Engineering Experiment Station, Dr. F. E. Giesecke, Director 


HEN a hot water heating system is installed in a small building, such 

as a residence, the two-pipe underfoot feed, direct return system with 

bare mains is usually chosen because it is cheaper to install than the re- 
versed return system, gives smaller heat losses in the basement, and the piping 
looks less clumsy. In the past, some trouble has been experienced with the cir- 
culation in direct return systems, but recent experiments at this station have 
demonstrated that when orifices of the proper size are placed in each radiator 
circuit, the circulation becomes not merely satisfactory but remarkably good. 
The usual place for such an orifice is in the union at one end of the radiator. 
There are at least three ways of getting these orifices into the circuit: 

1. The contractor may make them out of sheet copper and insert them into the 
unions as illustrated by Figs. 1 and 2. The copper should be about 0.025 in. 
thick (22 gage). 

2. The contractor may specify valves equipped with orifices of various sizes. There 


is at least one such valve now on the market. This valve is intended for use 
with vapor systems, but may also be used with hot water systems. 


3. The contractor may specify valves that have adjustable calibrated orifices. There 
are at least two such valves on the market both of which are intended for use 
with vapor systems. 

In order to make the installations of these systems easy and practical the 

following tables have been prepared from the results of experimental work: 

Table 1, giving the size of riser required to carry a given number of square 

feet of radiation. 

Table 2, giving the size of mains required to carry a given number of square 

feet of radiation for various lengths of line when the mains are between 3 and 
4 ft above the mid-point of the heater. 


Table 3, giving the size of mains required to carry a given number of square 





1Assistant Professor of Physics, Agricultural and Mechanical College of Texas, College 
Station, Texas. 

Presented at the 36th Annual Meeting of the Amertcan Society oF HEATING AND VENTILATING 
Enctnerers, Philadelphia, Pa., January, 1930. 
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TIGHTENED 


feet of radiation when the mains are between 4 and 5 ft above the mid-point 
of the heater. 

Table 4, giving the size of main heater risers required to carry a given 
number of square feet of radiation. 

Table 5, giving the diameters of the orifices that should be used with various 
sizes of radiators for different heights above the mid-point of the heater. This 
table is to be used when the contractor makes his own orifices. 

Table 6, giving the sizes of the orifices for use with valves that come equipped 
with them. 

Table 7, giving the proper settings for use with valves with adjustable 
calibrated orifices. 


EXPERIMENTAL WorK 


The first experiment on a direct return system was made before the tables 
were calculated. This plant had seven radiators all between 30 sq ft and 
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70 sq ft and represented one half of a two-story installation. This system was 
very successful and the results were fully described in a previous paper entitled 
“Pipe Sizes for Hot Water Heating Systems,” by F. E. Giesecke and the 
writer which appeared in the A.S.H.V.E. Transactions 1929. After a series 
of tests on this system and also on a reversed return system, the theory was 
verified sufficiently to justify an attempt to calculate the tables. 


In their present form the tables are not designed to produce the best possible 
circulation, but represent rather the simplest tables that could be produced and 
still be assured of reasonably good circulation. When the tables had finally taken 
shape the system shown in Fig. 11, page 278, was designed in accordance with 
them. When the system was actually built it was necessary to bend the mains 
back upon themselves in order to get so large a system into the space that was 
available. Also, the only heater available was a converter intended to heat 
water for shower baths. The openings in this heater were only 3 in. instead 
of 3% in. or 4 in., as called for by the tables. In addition to this the vertical 
distance from the mid-point of the heater to. the mid-point of the mains directly 
above was made 4 ft, the minimum distance for which Table 3 can be used. 


Both mains were bare throughout their entire length and the fact that they 
were not covered by a tight floor probably tended to cause the radiators 
near the end of the line to receive cooler water than they otherwise would have. 

The results of this test are shown in the table on the following page. 


In order to more readily visualize the meaning of these figures, it will be 
helpful to divide the radiators into two groups (1) medium-sized radiators 
having more than 35 sq ft of surface and (2) small-sized radiators having 
less than 16 sq ft of surface. 

It will be noted that the temperatures in the medium-sized radiators are very 
closely grouped at about 176 F. The hottest is No. 31 (181 F), and the coldest 
is No. 32 (168.5 F), and the temperature difference between these extremes 
is only 13% F, making the deviation from the mean only 6% F which is 

















Group 1—Medium-Sized Radiators Group 2—Small-Sized Radiators 
Average Average 
Radiator Surface in Temp. of Radiator Surface in Temp. of 
Number Sq Ft Water—F Number Sq Ft Water—F 
11 744% 173 
12 38% 179.7 
13 13% 166 
14 74% 177 
15 13% 164 
21 74% 177.7 
22 38% 175 
23 74% 177 
24 74% 174 
25 13% 166 
31 75 181 
32 55 168.5 
33 75 175 
34 15 163 
35 15 161 
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TABLE 1. Riser Si1zEs* 














Pipe-Size—In. Capacity 
Flow Return in Sq Fe 
vs vs 0.0 15.4 
iy % 15.4 21.0 
vA 1 21.0 23.5 
4 ¥, 23.5 33.2 
4 1 33.2 43.6 
+4 1% 43.6 47.0 
1 1 47.0 63.2 
1 1% 63.2 81.0 
1 1yY% 81.0 87.6 
1% 1% 87.6 130 
1% 1% 130 157 
1% 1% 157 196 
1% 2 196 251 
i 2V, 251 270 
2 2 270 384 














*All radiators less than 12 ft above the mid-point of the heater must be connected to the 
mains by independent risers. 


unusually small. These two radiators happen to be next to each other on the 
second floor and in the half of the line nearer the heater. This seems to in- 
dicate that such differences as do exist are caused, not by the position on the 
line, but rather by the impossibility of selecting exactly the correct resistance 
for any given radiator, due to the fact that the resistances of both the risers 
and the orifices vary by jumps. 


Referring again to radiators No. 31 and No. 32, will be noticed by reference 
to Table 6 that the (31-40) orifice called for by radiator No. 31 has a range of 
72 sq ft to 90.4 sq ft. Radiator No. 31 is near the low end of this range. Its 
temperature should therefore be a little high. Similarly, the (21-30) orifice re- 
quired by radiator No. 32 has a range of 43.9 sq ft to 58.5 sq ft. Radiator 
No. 32 has 55 sq ft of surface. It is therefore near the upper end of this range 
and its average temperature should therefore be a little low. 


Referring to the very small radiators, it is evident that although these radi- 
ators agree closely among themselves, they are on the average about 13 F 
cooler than the larger radiators and that the coldest radiator in this group is 
a full 20 F cooler than the hottest one in the larger group. This represents a 
variation of 10 F from the mean. Small radiators dissipate heat more efficiently 
than larger ones, but even when that is taken into consideration the small 
radiators are 10 per cent to 15 per cent below the larger ones in the number 
of Btu per square foot that they dissipate. As a rule this difference would 
probably not be noticed by the occupants of the building, but it may be advisable 
to increase the surface of very small radiators by about 10 per cent to obviate 
any possibility of having trouble. 


How to Setect S1zEs oF PIPES AND ORIFICES 


When the various tables are applied in every-day work it will probably be 
remarked that when mixed pipe sizes are used the flow main or riser, as the 
case may be, is always smaller than the return main or riser. There are two 
reasons for this: First, the heat losses due to cooling in the pipes are less 
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with this arrangement than when the flow main or riser is larger; and second, 
it helps the circulation slightly because cooling in a flow riser lowers the 
average temperature of a radiator, whereas, cooling in a return riser simply 
produces more rapid circulation of the water. 


In the case of the risers it will also be noticed that the return riser is 
sometimes two sizes larger than the flow riser as, for instance, a 3% in. flow 
riser may be used with a 1% in. return riser. This is done to help equalize 
the friction in the risers. 


OneE-Story RESIDENCE PROBLEM 


The simplest kind of plant to install is one intended to heat a one-story 
residence. Such a plant is illustrated in Fig. 3. Before proceeding with the 
selection of the pipe sizes it may be well to consider some of the piping details. 
The risers may be connected to the mains as illustrated in Fig 4A, Fig. 4B 
or Fig. 4C, page 256. Since Fig. 4B is already in common use, it will be selected 
for this problem. The radiators may be connected with a low flow connection 
illustrated in Fig. 5A, page 262, or with a high flow connection as illustrated in 
Fig. 5B. The high flow connection locates the valve more conveniently and heats 
more efficiently. This connection will therefore be selected. In order to be able 
to refer to them conveniently, the radiators have been numbered consecutively 


“beginning at the heater. The left-hand branch begins with radiator No. 1, and 


the right-hand branch with radiator No. 8. 


How To SeLect RIser SIZES 


By reference to Table 1, page 251, it will be noted that the riser sizes should 
be as follows: 











Flow—In. Return—In. 
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How to Se.ect S1zEs FoR MAINS 


There are two tables of pipe sizes for mains: Table 2 is to be used when 
the distance from the mid-point of the heater to the mid-point of the lowest 
portion of the mains is between 3 and 4 ft and Table 3 for use when this 
distance lies between 4 and 5 ft. The mid-point of a heater is a point mid- 
way between the flow connection and the return connection, not a point mid- 
way between the top of the heater and the floor, as might be supposed. In 
the case of this particular plant the distance from the mid-point of the heater 
to the mid-point of the mains is 3 ft 6 in. Table 2, therefore, must be used. 


In order to select the pipe sizes for a given section of the mains, the length 
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of the line must be known as well as the number of square feet of radiation 
that the section must carry. The length of a line is the distance, in feet, 
from the main heater risers to the farthest radiator risers, measured along the 
mains. In the case of the left-hand branch in Fig. 3, the length of the line is 
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Fic. 4A. Laterat Section or Risers (aT Lert LooxiNnc 
ALONG THE Mains, at Ricut Lookinc Across THE MAINS) 
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Fic. 4B. Laterat SEcTION oF Risers (AT LEFT LOOKING 
ALONG THE Mains, at Ricgot Lookinc Across THE MAINS) 
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Fic. 4C. LateraAL Section oF Risers (AT Lert LooKING 
ALONG THE MAINS, AT Ricgut Lookinc Across THE MAINS) 











8 ft + 23 ft + 23% ft + 18 ft + 13 ft + 7 ft or 92% ft. Thus, the length 
of the line lies between 90 ft and 100 ft. 


Accordingly, to find the sizes of mains required between radiator No. 7 
and radiator No. 6, first note that this section carries 574% sq ft of radiation 
and then in the column headed “90-100” find the figures 49-60. The number 
of square feet required falls within this range and the correct sizes are found 
on the same line at the extreme left of the table. Thus, the correct size is 
1% in. for both the flow and return mains. 
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Proceeding in a similar manner, the remaining sizes are found to be as 
follows: 

















Section of Line Between Radiator Required Capacity Flow—In. Return—In. 
Pa FM os 65 otc nccwosnensnas 57 sq ft 1% 1% 
ee go err 114 sq ft 2 2 
Bk I Tike dia ticepeicusinssanctod 147% sq ft 2 2% 
EE 6 ae ere ee ee 179% sq ft 2% 2% 
OE Og Sree rt 201% sq ft 2% 3 
he Fo ON ere ee 264% sq ft 3 3 
PO 2 OE TRE ss scr actecaesacisswes 29934 sq ft a 3 





Since the right-hand branch is 66% ft long, its pipe sizes are found in the 
column headed “60-70.” These sizes are as follows: 














Section of Line Between Radiator Required Capacity Flow—In. Return—In. 
ee Bk eee rer ere re 75 sq ft 1% 2 
: ee 8 Seen reer rere 161% sq ft 2 2% 
ee ee gO ee err rer ery 221% sq ft 2% 3 








How to SELEct Si1zEs FoR THE MAIN RISERS 
The main risers for the first branch must carry 299% sq ft of radiation. There- 
fore, by reference to Table 4 it will be noted that they should be at least 2% in. 
The main risers for the right branch must carry 221% sq ft, and again, by 
reference to Table 4 it will be seen that they, too, should be at least 2% in. 


How to SeLect Or1IFIcE SIZES FOR ORIFICES TO BE MADE 
ON THE Jos 
In order to make allowance for the higher pressures that exist close to the 
heater, it is necessary to use smaller orifices near to the heater and larger ones 
farther away. To accomplish this, each line is divided into four sections of 
equal length. The section nearest the heater is No. 1, and the section farthest 
from the heater is No. 4. Thus, for the left hand branch in Fig. 3, each 





21 
section is — or 23% ft long. 


TABLE 4, CAPACITIES FOR MAIN HEATER RISERS* 








Pipe Size—In. Capacity in Sq Ft 
1% 0- 89 
1% 89- 130 
2 130- 220 
2u% 220- 325 
3 325- 528 
3% 528- 770 
4 770-1000 
5 1000-1660 
6 1660-2480 





aThe pipe sizes for main heater risers may be larger than indicated in this table, but they 
must not be smaller. 
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This distributes the radiators among the sections as follows: 


Section No. 1 contains radiator No. 1 

Section No. 2 contains radiators No. 2 and No. 3 
Section No. 3 contains radiators No. 4 and No. 5 
Section No. 4 contains radiators No. 6 and No. 7 


In addition to the section in which a radiator is located, it is necessary to 
know its height above the mid-point of the heater. Since it has been decided 
to use the high flow connection the distance above the mid-point of the heater 
must be measured to the mid-point of the radiator. In the system under con- 
sideration the radiators are all 26 in. and their mid-points are all 7 ft 2 in. 
above the mid-point of the heater. Consequently, in Table 5 only the column 
headed “7-8” is of interest in this case. The actual selections can now be made. 


Radiator No. 1 has a surface of 35 sq ft. Therefore, in Table 5, Section 1, 
find the numbers “33.2-37.2” in the column headed “7-8.” This is the re- 
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y \ 
to N 


Fic. 5A. Low Frow Raptator Fic. 5B. HicH Fiow Rapiaror 
CONNECTION CoNnNECTION 





quired range and accordingly the orifice size is found on the same line at the 
extreme left. In this case it is %2 in. For radiators 2 and 3 use Table 5, 
Section 2, and find, in a manner similar that No. 2 (63 sq. ft), requires a 
Ye orifice and No. 3 (22% sq ft) requires a 1% in. orifice. For radiators 
4 and 5 use Table 5, Section 3, and find that radiator 4 (3114 sq ft) takes 
a % in. orifice, and radiator 5 (3334 sq ft) takes a % in. orifice. Similarly, 
using Table 5, Section 4, radiators 6 and 7 (each 57 sq ft) take %¢ in. orifices. 


For the right-hand branch each section is about 16% ft long. Therefore, 
find radiator 8 in Section 1. Radiator 9 is on the border line between Section 2 
and Section 3. In a case like this it is always safer to place the radiator in 
the section nearest the heater. Therefore, radiator 9 is placed in Section 2. 
Radiator 10 is in Section 4. Proceeding in the same manner as for the left- 
hand branch, find that the sizes of the orifices required are as follows: 


Radiator 8 (60 sq ft) takes a 9/32 in. orifice (Table 5, Section 1). 
Radiator 9 (86% sq ft) takes a 13/32 in. orifice (Table 5, Section 2). 
Radiator 10 (75 sq ft) takes a % in. orifice (Table 5, Section 4). 


The design of the system is now complete except for the expansion tank 
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which is of the usual size and installed in the usual manner. The sizes of 
the orifices are indicated on the plan by a circle with a number inside. 


How to SeLect OrIFICcE S1zEs WHEN OrIFICES ARE RATED 
IN SQUARE FEET oF VAPoR RADIATION 


If, instead of making the orifices on the job, it is preferable that valves be 
purchased already equipped with orifices having their capacity in square feet of 
vapor radiation marked on them, the procedure is exactly the same except that 





Fic. 7. SuGGESTED VERTICAL SECTION OF MAINS 
AND Riser Larterats For Lines HavincG 
Branco MAINS 


Table 6 is used instead of Table 5. When this is done, the following sizes are 
obtained : 


Radiator 1 (Section 1, 35 sq ft) takes a 21-30 orifice. 
Radiator 2 (Section 2, 63 sq ft) takes a 71-80 orifice. 
Radiator 3 (Section 2, 22% sq ft) takes a 21-30 orifice. 
Radiator 4 (Section 3, 31% sq ft). takes a 41-50 orifice. 
Radiator 5 (Section 3, 333% sq ft) takes a 51-60 orifice. 
Radiator 6 (Section 4, 57 sq ft) takes a 141-150 orifice. 
Radiator 7 (Section 4, 57 sq ft) takes a 141-150 orifice. 
Radiator 8 (Section 1, 60 sq ft) takes a 41-50 orifice. 
Radiator 9 (Section 2, 86% sq ft) takes a 101-110 orifice. 
Radiator 10 (Section 4, 75 sq ft) takes a % in. orifice. 
It will be noticed that a few inch sizes are included with the vapor sizes. 
This is because a large first-floor radiator may, in some cases, require a larger 
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orifice than is made for vapor systems. These extra large sizes will, of course, 
have to be made on the job. 


SETTINGS FOR ADJUSTABLE ORIFICE VALVES 


So far as the writer knows, these valves are made only in the 3% in. size. 
This means that it will often be necessary to reduce the size of the flow risers 
in order to connect the valve. This will probably not cause any serious trouble, 
if the reduction is made fairly close to the valve. It is, of course, especially 
important to use a full-sized return union elbow. The number of radiator 
sizes available is also somewhat more limited than in the two previous cases, 
but the range is large enough so that these valves work all right on some sys- 
tems. In determining the valve setting, use Table 7 which differs from Tables 
5 and 6 in that the number of square feet of radiation is given in the margin 
and the settings comprise the .body of the table. 

To determine the setting for radiator 1, locate in Table 7, Section 1, the 
column headed “7-8” and find on the line with 35 the number “36,” which is 
the required setting. The setting for radiator 2, may be selected from the 
column headed “7-8” in Table 7, Section 2. The number 63, however, is not 
located in the margin of the table, so by interpolation, find that the required 
setting is about 85. 

Proceeding in a similar manner, the valve settings may all be determined as 
follows: 

Radiator 1 (Section 1, 35 sq ft) the setting is 36. 
Radiator 2 (Section 2, 63 sq ft) the setting is 85. 
Radiator 3 (Section 2, 22% sq ft) the setting is*30. 
Radiator 4 (Section 3, 31% sq ft) the setting is 55. 
Radiator 5 (Section 3, 3334 sq ft) the setting is 62. 
Radiator 6 (Section 4, 57 sq ft) the setting is 155. 
Radiator 7 (Section 4, 57 sq ft) the setting is 155. 
Radiator 8 (Section 1, 60 sq ft) the setting is 58. 
Radiator 9 (Section 2, 86% sq ft) the setting is 114. 
Radiator 10 (Section 4, 75 sq ft) the setting is 220. 


How to DeaL WitH BRANCHED CIRCUITS 


In Fig. 6, page 263, is illustrated a larger system than the one just considered. 
It differs from it in that it has second-floor radiators and a branched circuit. 
In the case of a branched circuit of this sort it is probably best to arrange 
the mains. one above the other with the flow mains on top, as illustrated in 
Fig. 7, instead of side by side as is the usual practice. If this is not practical, 
the shorter branch may be carried over the longer one by means of two 45 deg 
bends as illustrated in Fig. 8, page 247. If head room is important, as it usually 
is, the Y connections may be rotated downward until the upper pipes lie flat upon 
the lower pipes. 

It will also be noticed that in some cases the construction of the building 
is such that the lateral portions of the risers require an extra turn. In cases 
like this, illustrated by radiators 2 and 6, it is best to go up with a 45 deg 
elbow instead of a 90 deg elbow, as illustrated by Fig. 9, page 277, or else make 
the turn with a 45 deg elbow as illustrated in Fig. 10. In either case, use one 
90 deg elbow and one 45 deg elbow, where two 90 deg elbows would other- 





21If the valve is calibrated only up to 200 this will be near enough. 
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wise be required. An even better arrangement, when it can be used, is to 
eliminate the bend and run the lateral portions of the risers so that one is 
directly above the other as illustrated in Fig. 4B. For a system of this size 
it is probably best to arrange the data as shown in Table 8, on page 275. 


The numbers in column 1 of Table 8 give the radiator numbers consecu- 
tively beginning at the end of the branch farthest from the heater. The num- 
bers in column 2 give the section of the line in which the radiator is located. 
The numbers in column 3 represent the height of the mid-point of each radiator 
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above the mid-point of the heater. Thus, Radiator 11 is 8 ft 0 in. above 
the mid-point of the heater, while Radiator 10 is 7 ft 4 in. above the mid- 
point of the heater. The heights vary a trifle even among radiators on the 
same floor because some of the radiators are taller than others. The numbers 
in column 4 of the tabulation represent the number of square feet of radiation 
furnished by each radiator. Number 11, for instance, has 160 sq ft, No 10 
has 24 sq ft and so on down the column. 


The numbers in column 5 represent the number of square feet of radiation 
that the section of the mains immediately preceding the radiator must carry. 
Thus, the mains immediately preceding No. 11 must carry 160 sq ft, the 
| section preceding No. 10, 184 sq ft and that preceding No. 9, 249 sq ft. Each 
‘ number in this column is obtained by adding together the number on its left 
and the number immediately above it. Thus, 184 is obtained by adding 24 to 
| 160, 249 is obtained by adding 65 to 184, and 270 is obtained by adding 21 to 
; 249. The only exceptions to this are 676 and 981. These represent the 
number of square feet that must be carried by a section immediately preceding 
a junction. They are obtained by adding together the numbers of square 
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feet carried by each branch. Thus, 676 is obtained by adding 208 to 468, 
and 981 is obtained by adding 230 to 751. 


The numbers in columns 6 and 7 are riser sizes. They are obtained by 
selecting the sizes from Table 1 that correspond to the number of square feet 
for each radiator as given in column 4. The numbers in columns 8 and 9 are 
the sizes of the mains for the sections whose capacities are given in column 5. 
In this system the height from the mid-point of the heater to the mid-point 
of the lowest portion of the mains is 3 ft 6 in. Therefore, Table 2 is used 
to determine the sizes of the mains. 


The length of a branched line must always be measured along the longest 
branch ; consequently the length of the line in this case is 3 ft + 15 ft + 31% 
ft + 4% ft + 8% ft + 10 ft or 72% ft. Consequently, the proper number 
of square feet is indicated in column 3 under the column headed “70-80.” 
Thus, for 160 sq ft, find that a 234 in. flow main and a 2% in. return main 
are required. For 184 sq ft a 2% in. flow main and a 2% in. return main 
are needed and so on. The short line at the bottom of the figure is 6 ft+ 24 
ft + 3 ft + 7 ft, or 40 ft long. Accordingly, use the column headed “30-40” 
to find the sizes of its mains. 
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The numbers in column 10 are the sizes of the main heater risers. They 
are obtained by reference to Table 4 as previously. The numbers in column 
11 are orifice sizes. Before these can be selected, the line must be divided 
into four equal sections. Since the longest branch is 72% ft long, the sections 
will each be 18 ft 1 in. long. This distributes the radiators among the sections 
as follows: 

Section 1 contains radiators 1 and 2. 
Section 2 contains radiators 3, 4, 5, 6, 12 and 13. 
Section 3 contains radiators 7, 8, 9 and 14. 
Section 4 contains radiators 10 and 11. 
In the case of the small circuit at the bottom of Fig. 6: 


Radiator 15 is in Section 1. 
Radiator 16 is in Section 4. 


As previously noted, the section for each radiator is recorded in column 2 
of Table 8. All radiators on the first floor except No. 1 come within the 
range of 7-8 ft above the heater; consequently their orifice sizes are found 
under the heading “7-8” in the proper sections of Table 5. The orifice size 
for No. 1 is found in Table 5, Section 1, under the column headed “8-9.” 


If it had been decided to use orifices calibrated for vapor systems or adjust- 
able valves, the sizes or settings would have been as indicated in Table 9, 
page 279. There are two features of Table 9 that require comment. It will 
probably be noticed that the valve settings are always equal to or larger 
than the largest number in the corresponding vapor orifice rating. There are 
two reasons for this. First, the orifices, as nearly as could be determined 
by measurement, were correct at the upper range—that is, the 41-50 was 
actually 50, the 51-60 was actually 60, and so on. Thus, in comparing a valve 
setting to an orifice rating, attention should be given to the larger number 
in the orifice rating. Second, an orifice that is a little too small does no 
particular harm, while one that is too large may, to some extent, allow the 
riser pressure head to interfere with circulation. The orifice, therefore, is 
never too large, but may be as much as ten units too small. By taking both 
of the above considerations into account, it will be noted that the valve 
setting corresponding to a given orifice will nearly always be equal to or 
larger than the largest number on the orifice, but that it can never exceed 
it by more than 10. The second feature that requires comment is the limited 
range of the valve. None of them, so far as has been ascertained, can be 
set higher than 200. A certain amount of overloading will not do any harm 
and it is quite possible that these valves might be used successfully on radiators 
requiring a setting as high as 300, but on the other hand, the writer would 
hesitate to use them on a radiator requiring a setting of less than 30. When 
small settings are used the orifice in the valve becomes a narrow slit, and, 
therefore, might quite probably become clogged. 

However, it is probable that the smaller settings recommended for these 
valves are too small because of the elongated shape of the orifice. There 
has as yet been no opportunity to test this experimentally, but since small 
readjustments can readily be made while the system is in operation, it should 
be easy to make satisfactory installations using these valves. 


Systems For Bui_tpincs More THAN Two Srories Hicu 


It will be noticed that in the two-story system just considered all the first- 
floor radiators were independently connected to the mains. This was not 
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ouly convenient, but necessary. When using these tables every radiator less 
than 12 ft above the mid-point of the heater must be connected to the mains 
by independent risers. If this is not done the lower radiators will not heat 
properly. However, for radiators more than 12 ft above the mid-point of 
the heater, any number may be connected to the same riser, provided the 
capacity of the riser is not exceeded. 

Fig. 11 shows the layout for one branch of a 3-story installation. For 
convenience the radiators have been numbered 11, 12, 13, 14, 15, on the first 
floor; 21, 22, 23, 24, 25, on the second floor; and 31, 32, 33, 34, 35, on the 
third floor. Thus the first digit represents the floor and the second the riser. 
The line is 97 ft long and therefore each of the four equal sections into which 


Fic. 9. (Left) Low Friction ConNECTIONS 
ror Riser LATERAL REQUIRING A BEND 


Fic. 10. (Right) ALtTerNative Low FRric- 
TION CONNECTIONS FOR Riser LaTerAt ReE- 
QUIRING A BEND 


the line must be divided are 24% ft long. The distance from the mid-point 
of the heater to the mid-point of the main directly above is 4 ft 4 in. The 
calculations are made exactly the same as for the previous cases except that 
for the second floor radiators the radiator connections and risers must be 
considered separately. The data for this installation are given in Table 10. 

Similar tables can be made for either the vapor rated orifices or adjustable 
valves. It will probably be noticed that the main risers frequently do not 
need to be as large as the mains. Except for the increased cost there is no 
objection to enlarging them. Both the appearance and the circulation will 
be improved. a 4 


How To IMPROVE THE CIRCULATION IN OLp SystEMs THAT 
Do Not Heat Property 


It is always desirable, of course, to see the system in actual operation, if 
possible. It should be carefully checked to make certain that there are no air 
pockets or other defects that might prevent circulation. Next, by means of 
Table 2 or Table 3, whichever is applicable, check the capacity of the main to 
see if it is as great or nearly as great as it should be. If the mains are large 
enough, and they usually are, the system should be supplied with orifices 
according to Table 5. If the first-floor radiators have independent risers this 
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will remedy the trouble. If the first-floor radiators do not have independent 
risers, it may remedy the trouble anyway, but if it does not, a separate return 
main for these radiators will make them circulate and may be a cheaper remedy 
than the separate risers called for by the table. When the mains are too small 
probably the best solution is to run a separate line to relieve the overloaded 
mains. The one thing that should always be done is to put an orifice of the size 
indicated by Table 5 in each radiator. 


COVERING THE MAINS 


These tables are based on the assumption that the mains are to be bare. Bare 
mains, particularly bare return mains, help circulation by increasing the heater 
temperature differential without any corresponding increase in the radiator 
temperature differentials. This increase in the heater temperature differential 
causes an increase in its pressure head and thereby helps circulation. It has 
been found by experiment that better results are usually obtained when the half 
of the flow main farthest from the heater is covered because the radiators near 
the end of the line then receive hotter water. For the same reason it has been 
found desirable to cover the smaller flow risers and flow laterals; %4-in. and 
3%-in. flow risers and laterals give much better results when covered. Risers 
1 in. or larger are not much affected by cooling, at least in installations of three 
stories or less. The return main should always be left bare throughout its 
entire length. 

If it is desired to construct a system having an unheated basement making it 
necessary to cover both pipes, the same tables can be used, provided the line is 


TABLE 9—S1zEs oF SETTINGS FOR ORIFICES CALIBRATED FOR VAPOR SYSTEMS OR 
ADJUSTABLE VALVES 





Section Height Above Sq Ft Vapor Valve 





adiato of Mid-point i- i - 
—e Line of Mone ay "Orie Setting 
11 4 8 ft-0 in. 160 % in. Impossible—must use 2, 
or better, 3 smaller ra- 
diators instead of this 
large one 
10 4 7 ft-4 in. 24 51-60 
9 3 8 ft-0 in. 65 101-110 118 
8 3 17 ft-0 in. 21 11-20 24 
7 3 17 ft-0 in. 50 41-50 59 
6 2 17 ft-0 in. 40 21-30 35 
5 2 7 ft-6% in. 51 51-60 69 
4 2 16 ft-6% in. 36 21-30 32 
7 2 17 ft-0 in. 21 0-10 19 
14 3 7 ft-6% in. 93 151-160 169 
13 2 17 ft-0 in. 99 71-80 88 
12 2 7 ft-6 in. 16 11-20 21 
2 1 17 ft-0 in. 50 21-30 35 
1 8 ft-44 in. 25 11-20 24 
16 4 7 ft-874 in. 125 146 Probably would be more 
satisfactory to use 2 
smaller radiators 
15 1 7 ft-614 in. 105 101-110 110 
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divided into three equal parts instead of four. The fourth section is the one 
to be eliminated. The effect of this change is to put increased friction into the 
radiator circuits which tends to prevent them from interfering with each 
other and thereby enables the reduced pressuré head of the heater to keep the 
water moving through the mains as it should. 


Systems Havinc SEALED EXPANSION TANKS 


Although these tables were designed primarily for systems having open 
expansion tanks, they will work equally well for systems having sealed expansion 
tanks. If it is desired to design a system that will run on a lower temperature 
differential, this can be done by multiplying the number of square feet for 
each radiator by some constant greater than one, such as 1.5, before beginning 
to make a tabulation of the data. 


PRECAUTIONS TO BE OBSERVED 


1. Be sure the mains are large enough, as straight as possible, and installed 
carefully enough to preclude the possibility of air pockets. 

2. Be sure that all radiators less than 12 ft above the midpoint of the heater 
are connected to the mains by independent risers. 

3. Make the lateral portions of the risers as straight as possible. 

4. Do not bunch too much radiation in the fourth section of the line. See 
that the first and second sections get a fair share of the radiation, even if it is 
necessary to make these two sections a trifle longer than they should be. When 
a riser comes on the border line between the two sections, it should always be 
placed in the section nearer the heater. 

5. Some contractors make a practice of increasing the size of radiators at 
the end of the line farthest from the heater in order to compensate for poor 
circulation. When using these tables that should not be done, because every 
radiator can be counted upon to deliver about 150 Btu per hour per square foot 
when the water is leaving the heater at 200 F. If the sizes of some of the 
radiators are increased, the house will not be uniformly heated. 

6. Finally, be sure to put an orifice of the proper size in every radiator. 
The omission of a single orifice may be sufficient to cause a great deal of 
trouble. 

7. It is a good plan to cover all % in. and % in. flow laterals and risers 
as well as about 1/3 or % of the flow main beginning at the end farthest from 
the heater. 


How THE TABLES WERE CALCULATED 


In making the tables a special effort was made to accomplish the following 
things: 

1. To make sure that the radiators at the ends of the lines would get as hot 
as those near the heater, no matter how long the lines were. 

2. To make sure that the radiators on the lower floors would get as hot as 
the radiators on the upper floors. 

3. To provide a safety factor so large that the circulation would be very 
good, even though the system was somewhat overloaded as, for instance, by 
adding a radiator or two after the installation had been completed. 
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4. To make the tables as simple as possible, especially those portions that 
relate to pipe sizes. 

It has been impossible to test the tables experimentally through their entire 
range, but the tests that have been made have been so very satisfactory that 
the first three aims have been very largely realized. It is hoped that the fourth 
will also be accomplished. Attempts to produce simple tables have cost more 
labor than any other factor. 


UNDERLYING CAUSES OF Poor CIRCULATION AND THE REMEDIES 
ADOPTED 


In order to make clear the method of producing strong circulation through the 
radiators on the ends of the lines, it will be necessary to refer briefly to a 
paper entitled “Pipe Sizes for Hot Water Heating Systems” by Giesecke and 
Smith published in the:A.S.H.V.E. Transactions, 1929. In this paper it was 
pointed out that the principal cause of cold radiators on the end of a line was 
the high pressure built up in the return main by the radiators nearer the 
heater. This fact is so important that to ignore ‘it is to invite almost certain 
failure in certain parts of the system. Just how it affects the calculation of 
pipe sizes may be seen from the following considerations. 


When making calculations on hot water heating systems it seems to have 


TasLce 10—SumMary or Data For ONE BRANCH ‘oF A THREE-STORY INSTALLATION 
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a May be replaced by 4 in. risers if so desired. 
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been customary to assume that the flow through the mains was caused by the 
difference in weight of two columns of water extending from the middle of 
the heater to the middle of the radiator. For underfoot distribution systems 
this particular assumption cannot be justified and has undoubtedly been one of 
the causes of disappointing performance. In order to make a radiator start in 
the right direction it is necessary that the pressure in the flow main at the 
point of junction with the flow riser be higher than the pressure at the corre- 
sponding point in the return main. If the pressure in the return main is higher 
the radiator will start backward. It will also be sluggish and never really hot. 
It is very important then to keep the pressure in the flow main higher than the 
pressure in the return main. Fig. 12 shows that the pressure head of the heater 
does tend to raise the pressure in the flow main. The cool, heavy water in the 
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Fic. 12. Oppostnc Pressure HEADS or A HEATER AND RADIATOR CIRCUITS 


return heater riser tends to force water into the bottom of the heater and out. of 
the top, thus producing the desired higher pressure in the flow main. 


As to the radiator, the cool, heavy water is flowing directly into the return 
main, thereby tending to increase the pressure in exactly the wrong place. The 
conclusion is, therefore, that except for its own particular circuit, the pressure 
head generated in a radiator and its risers, instead of helping circulation, is a 
great disturbing influence. The problem of insuring good circulation is, then, 
two-fold. 


1, The resistance of the mains must be low enough so that the heater 
pressure head alone is great enough not only to overcome all the friction in 
the mains, but also to leave a surplus large enough to insure that throughout 
the entire length of every line the pressure in the flow main shall be higher 
than the corresponding pressure in the return main. 


2. The friction head in every radiator circuit must be great enough not only 
to absorb all its own pressure head, but to absorb, in addition a pressure head 
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equal to the difference in pressure between the mains at the points where its 
risers join the mains. 


Having located the trouble with radiators at the ends of lines, consider some 
of the difficulties that beset first-floor radiators. In order to make the explana- 
tion as clear as possible, note that the line in Fig. 13 has two valves in it, one 
near the top and the other near the bottom. Under normal conditions the flow 
riser on the left will be full of light, hot water and the return riser on the right 
is full of cool, heavy water. Now, if the upper valve is closed, it is evident that 
the cool, heavy water column in the return riser will displace the column of 
light, hot water in the flow riser and the radiator will circulate strongly in the 
right direction. Suppose the upper valve be opened and the lower one closed. 
The cool, heavy column of water in the return riser now tends to flow back- 
ward through the radiator, just the opposite of its former action. From this it 
is apparent that the two columns of water below a radiator tend to make it flow 
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* Fic. 13. Oppostnc Pressure Heaps 
IN A RISER 


in the right direction, while the columns above it tend to make it flow in the 
wrong direction. It is evident that if the lower radiator is to circulate properly, 
the head generated by the water columns above it must be neutralized by adding 
friction to the upper radiator. Similarly, the friction in the lower pipes should 
be as small as possible. 


Unfortunately, in any actual circuit there are necessarily a number of bends 
just below the floor. In order to remedy this situation it was decided to choke 
the higher radiators by means of orifices, but calculations showed that this 
alone was not sufficient. There were two other things that could be done: 

1. Make the lower portions of the risers very large. 

2. Avoid placing radiators in the danger zone by connecting all radiators 
below a certain safe level to the mains by separate risers. 

From the standpoint of calculations the first alternative was more simple, 
but from the standpoint of the tables required it was complicated. Also, it 
seemed probable that the second method would give a better appearing 
installation. 
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It will be noticed that the problem of the low radiator is very similar to the 
end-of-the-line radiator. In each case a pressure head from some other 
radiator or radiators is producing interference, and the remedy is two-fold: 


1. As far as practicable neutralize the conflicting head by friction. 


2. Preserve the strength of the favorable pressure head as far as possible 
by means of low resistance, or, if this for some reason is undesirable, so arrange 
the system that no radiators will be connected between points where the 
pressure is negative. ' 


As far as the mains were concerned, little difficulty was experienced. It was 
assumed that the heater, its main risers and fittings, including the turns at the 
tops of the main risers, would absorb 20 per cent of the available pressure head. 
The capacities given in Table 4 were thus easily selected. It was further 
assumed that 30 per cent of the heater pressure head was to be available at 
the ends of the lines. This left 50 per cent to be dissipated in friction in the 
mains. Accordingly, it was assumed that the mains might have four turns in 
addition to those already accounted for in the heater connections and the values 
were calculated for Tables 2 and 3 accordingly. 


Since it was considered desirable to leave the mains bare in order to heat 
the basement, it was inevitable that the water should be somewhat cooled before 
reaching the farthest radiators. In order to compensate for this it was decided 
to run the radiators in the different sections of the line at various temperature 
differentials. The radiators in Section 4 operated on a 25-F differential ; 
those in Section 3 on a 30-F differential; those in Section 2 on a 35-F differ- 
ential, and those in Section 1 on a 40-F differential. This makes the average 
temperature of all the radiators about the same and they should all deliver 
about 154 Btu per hour per square foot of radiation when the water is leaving 
the heater at 200 F. 


The risers all have a friction head of about 16 mill inches per foot, including 
both pipes. This applies only to the vertical portions. The crooked portions in 
the basement have a somewhat high and irregularly varying resistance. This 
makes the pressure to be absorbed by the orifices also an irregular variable so 
that the capacities cannot be checked by plotting a curve, except for the 
higher radiators. 


It was through the kindness of Prof. C. W. Crawford, head of the Department 
of Mechanical Engineering and Prof. M. V. Brewer of the same department 
that it was possible to find a place to install the three story experimental 
plant. In a recent test on this plant with one-half the flow main and the 
smaller flow risers covered, the hottest radiator in the system was only 8% F 
hotter than the coldest. The average temperature was a trifle over 170 F. 


DISCUSSION 


ALBERT BuENGER: Several questions that have come to mind are: With a 
temperature drop of 25 to 40 deg, what is the mean temperature of your 
radiation? Is the temperature drop figured uniformly for the entire system 
or do you take a different heat transmission factor for each section of the 
building ? 
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Just as a matter of information, why do you divide the mains into four 
sections? For larger houses possibly extending 100 ft from the boiler, do you 
have more than four divisions? 

What about series-connected radiators which are used for an amusement 
room in the basement on the same level as the boiler? Naturally they will be 
connected in series with the second floor radiators in order to get proper flow. 
How are the pipe sizes computed ? 


E. G. SmitH: An example will answer questions about the mean tempera- 
ture of the radiators: Suppose that the temperature of the water leaving the 
heater is 200 deg and it is assumed that the water entered the first section of 
the radiators at 200 deg and left at 160, a difference of 40 deg and a mean 
temperature of 180. The second section would change 2% deg each way, that 
is the flow temperature would be 197% deg and the return temperature 162% 
deg, at 35-deg difference. The difference in the third section would be 30 deg; 
the difference in the fourth section 25 deg, although the mean would always be 
180 deg. This accounts for the very much smaller orifices used in the first 
section of the line. 

Even though the system were the reverse return type and had the same pres- 
sure at all points between the mains you could not get the mean temperature 
exactly the same for all radiators. If there were 10 or 15 or 20 deg cooling in 
the mains the temperature of the last radiator would average 20 deg cooler 
than the first one, an undesirable condition. If one radiator is to run at a 
40-deg differential and another farther along the line at 25, it is obvious that 
considerably more friction must be introduced in the section near the heater. 
The four sections are partly for that purpose. Also, the pressure on the mains is 
generated entirely by the heater and is probably three times as much in the 
nearer section than back farther. 

No calculations have been made for radiation in the basement, because it 
was anticipated that enough heat would be obtained from the mains to meet 
ordinary basement heating requirements. To meet special cases of basement 
heating, separate calculations for each system will have to be made by determin- 
ing the available pressure head in the usual manner and supplying an approxi- 
mately equal friction head. Knowing the pressure difference required at the 
tops of the risers at the heater, it is easy to calculate the friction drop to the 
bases of the risers. The pressure head of the radiator will be the difference 
between the pressure generated in the parts of the risers that lie above the mains 
and the parts that lie below the mains. The heights of the risers above the mains 
must be much greater than the heights of the risers below the mains if satis- 
factory operation is to be obtained. By putting an orifice of proper size at any 
place in the line the required friction can be provided. 

Mr. Buencer: In other words, you use the system that Professor Giesecke 
has outlined in his original book ? 

Pror. SmitH: Yes, that is the only way I know of, to handle the condition 
described. 

The reasons for dividing the mains into four sections are to compensate for 
cooling and the decrease in pressure toward the end of a line. 


H. M. Hart: I want to express my gratitude for the progress that has been 
made on this involved problem of pipe sizes for hot water heating. The 
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Heating and Piping Contractors National Association have a Standard Com- 
mittee, whose duty it is to devise standard practices for its members, and there 
has been an urgent demand for tables of hot water pipe sizes. This committee 
made several unsuccessful attempts to gather data from which they could 
compile such tables. Each engineer or contractor has had his own tables, but 
their origin is obscure. 

This is the first time in my experience that a set of tables has been compiled 
on a really scientific basis. It is very gratifying to see that research engineers 
can put the results of their studies in such a simple and practical form that it 
will be usable by those who are not trained engineers. If contractors had 
engineering training they could use Professor Giesecke’s treatise on hot water 
heating and lay out satisfactory heating systems. The graduate mechanical 
engineers in my own organization say that Professor Giesecke’s rules for 
designing hot water heating systems are too scientific for ordinary use. That is 
not a reflection on the work of Professor Giesecke, but rather a tribute to his 
careful and accurate work. 


I have felt that pipe size data in tabular form would be ideal, but doubted that 
they could be satisfactorily produced. Now I am very optimistic and believe 
we have started something that will prove very satisfactory and acceptable. 
More work must be done, but the results so far are splendid. 

Mr. Nicuotts: Twenty years ago I earned my living as an engineer; but 
most of my work has been in contracting, and my comments will be from that 
viewpoint. As I understand this paper a system of variable sized openings to 
the branches are used according to the distance from the boiler. Sometimes in 
a bungalow it is not easy to obtain uniform flow. Do you ever use an overhead 
system? 

Pror. SmitH: That arrangement works very well. However, some heat will 
be lost in the attic even if the pipes are insulated. 


Mr. Nicuotts: The heat loss is immaterial, the great advantage being a 
uniform flow all over the system whether it is 10 ft or 100 ft away from the 
boiler. I have put in a great many overhead systems and I never had one 
that was unsatisfactory. In many cases I know that larger sizes of pipes were 
used than were necessary. Carpenter’s tables were used to the best of our 
knowledge, but it is less expensive to pay for pipe than to hire an engineer to 
make absolutely accurate designs and calculations. 
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PANEL WARMING 


By L. J. Fowier, Lonnon, ENGLAND 
NON-MEMBER 


HROUGHOUT travels in over a dozen countries, the author has found 

that there prevails a popular belief that the Englishman spends his winter 

evenings in front of a large open fire in a room with fully opened win- 
dows. Such a state of affairs, whilst being a libelous exaggeration of the 
actual conditions in a typical English home, presages an elementary but instinc- 
tive conception of the fundamental physiological principles making for the 
comfort of the human body. In surroundings at 64 F, Rubner states that the 
mean surface temperature of clothes and exposed skin is about 75 F. Without 
artificial warming, at a temperature of 60-65F, no sensation of cold is felt, but 
at a lower temperature than this, radiation and convection are increased and 
a feeling of chilliness occurs. If, however, the walls and ceiling of a room are 
maintained at about 75 F, the mean radiation losses from the human body are 
almost nullified; and although the air temperature may be as low as 50 deg, 
bodily heat, lost only by convection, is easily balanced by the normal metabolism 
so that no discomfort is felt. These conditions pertain only to still air, for in 
draughts convection increases, and rises in temperature of 3 deg and 6 deg are 
necessary to counteract air movements of 160 and 200 fpm respectively. 

To give substantiation to the foregoing statements, it should be remembered 
that it is possible, although lightly clad, to feel comfortable in a snow field, 
with an air temperature below freezing, provided that the sun is shining and 
there is no wind. The heat rays from the sun not only strike the body direct, 
but are reflected to it from the snow, thus counteracting the direct bodily radi- 
ation losses. If, however, the sun is obscured, or direct conduction and con- 
vection are increased by air movement, very different sensations are felt. 


Reverting to our hypothetical room, as wall temperatures increase, air tem- 
peratures can be still lower. If, then, it were possible to reach commercially 
the ideal of raising the temperature of the whole of the walls to some tem- 
perature above 75 F not only would comfort conditions result, but lower air 
temperatures could be maintained, giving a feeling of freshness, and with it the 
mental and bodily efficiency and good health of the occupants, who would not 
suffer from the lassitude inseparable from elevated air temperatures. Further- 
more, the cost of fuel for the heating system would be reduced by lessening of 
the heat lost by changes of air, which, in tall buildings, is very considerable. In 
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practice, however, even though the practical difficulties could be overcome, and 
the walls were evenly warmed to 75 deg, in a short time, although at an initial 
temperature of 50 deg the air would be warmed 10 deg or more by contact 
with the walls. 

Radiant heaters, such as open fires and luminous electric heaters emit rays 
of varying intensities which, as well as directly impinging upon the occupants, 





Fic. 1. WaArMING PANEL ON SHUTTERING READY FOR CASTING 


strike the walls, ceiling, floor and furniture of a room. A portion of this 
incident energy is absorbed and raises the temperature of the object which it 
strikes, eventually setting up convection, and a part is reflected one or more 
times before it reaches any of the occupants. With these forms of heater, it is 
conceded that, not only is there excessive variation in comfort—and degree of 
discomfort—throughout the room, but the fuel or power consumption reaches 
an uneconomic figure. It should be noted at this point that high temperature 
heat rays have different coefficients of absorbtion and reflection from the longer 
waves which would be emitted from a low temperature source, such as the 
walls referred to above, maintained at 75 deg. As an example, as glass is 
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transparent to light waves, it is largely diathermous to the shorter heat waves; 
whilst approximately ©0 per cent of low temperature heat waves are directly 
reflected, the remaining 10 per cent partially pass through and partially are 
absorbed by the glass. 

Whilst the higher temperature radiant source is far from satisfactory, the 
heating of the whole of the walls, ceiling, etc., is not commercially possible, and 
over 20 years ago Prof. A. H. Barker conceived the idea of the radiator—the 
word being used in the scientific and not the commercial sense—of compara- 
tively large surface and comparatively low temperature. His patents were taken: 
over and developed by the London firm Richard Crittall & Co., Ltd., to whose 
efforts is due the very effective compromise called “Panel” Warming, in which 
large surfaces are warmed to a relatively low temperature which, at times, 
need not far exceed the 75 deg of the ideal room. On occasion, the walls are 
warmed, but this is not ideal, for not only is convection set up, but there is 
limitation to the positions in which heavy pieces of furniture may be placed 
without obstruction to the uniform distribution of heat. The modern practice 
is to install the warming surface—termed panels—in the ceilings, and this is 
not only the logical position from all theoretical considerations, but it engenders 
simplicity and ease of installation as well as other advantages which will be 
explained later. 

The panels generally consist of coils of pipe through which water flows, and 
the inevitable development of the principle to electrical power has been eminently 
successful. The pipes, usually of % or % in. diameter, run parallel to each 
other at 4 to 6 in. centres and are embedded in concrete in the underside of 
the ceiling of the room to be heated. The surface of the concrete is then 
plastered, rendering the panel invisible. Heat is conducted from the pipes to 
the plaster face and is then emitted in radiant form. The surface temperature 
of the plaster is considerably lower than that of the water flowing through the 
pipes, and is affected by their diameter and spacing. At the centres given, it 
is found that over the whole of the panel, the temperature varies little. _ 

Allen and Griffith and Davis have found that, with normal plastered and 
painted surfaces at low temperatures the emissivity is usually within 85-90 
per cent of theoretical black body emissivity. 

Practice shows, however, that the actual heat lost from warming panels is 
considerably in excess of that expected from theoretical calculations. There are 
several reasons for this in a good installation, the most important being air 
movement. With a ceiling panel fixed flush with the remainder of the surface 
of the ceiling, in still conditions convection is zero, but should the panel surface 
be lower than that of the surrounding ceiling, as sometimes occur when an in- 
stallation has been made in an existing building, or should the material of the 
ceiling be cracked or porous, a certain amount of convection occurs which 
slightly increases the total heat emission. If, however, a definite air current 
blows across the panel, very appreciable increases occur in the total heat emitted, 
with reduction of the proportion radiated. 

Another factor arising to explain the discrepancy between the theoretical and 
the practical emissions is the heat conduction upwards from the panel. In a 
normal solid concrete floor construction, in which the concrete is 8 in. thick, 
the difference in the conductivity between approximately 7 in. concrete above 
and approximately % in. plaster below the panel is sufficient, however, to reduce 
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the upward transmission to a small proportion of the heat lost from the panel. 
A further reduction is at times effected by interposition above the panel of 
layers of one of the insulating compounds on the market. A hollow tile floor 
construction permits less upward loss of heat than a solid concrete, and if the 
panels are installed in a suspended ceiling, cork or silicate of cotton prove an 
effective means of retarding the upward flow, and at the same time reduce the 
deleterious effects of air currents. 


In 1909 the first panel warming system was developed, in which the heat 
was distributed and evenly radiated through a building from within the ceilings, 
walls and floors. To form radiators which would diffuse heat invisibly, the coils 
of pipes were embedded in the walls and floors, and although many difficulties 
had to be overcome, the system was an immediate success. The Royal Liver 
Building in Liverpool, which has over 1,000 rooms, was the first large building 
to be equipped in this way, and the system attracted so much attention that a 
second installation was made in the Midland Adelphi Hotel which was soon 
erected in the same town. The healthy and pleasant conditions in these two 
buildings favorably attracted the attention of the medical profession, and panel 
warming installations were adopted for hospital work. 


The war caused a temporary setback, but the boom in building which sub- 
sequently began stimulated development of the system, and now it is widely 
adopted in the best class construction work in England, which, during the 
past year, includes both the new Bank of England, the Northern Ireland Parlia- 
ment Buildings, and the London Offices for the Imperial Chemical Industries— 
the classic of modern British commercial buildings. 


The panel system, as generally applied, is.a low pressure hot water system, 
the circulation being either accelerated or by gravity in smaller installations. 
The distributing mains are designed in a similar fashion to those of a radiator 
system, but are connected to the panels instead of radiators. 

The panels, in the form of continuous coils, are generally fixed in the ceil- 
ings, and are of special quality steel pipe. When a reinforced concrete floor is 
used, the coils are laid on the shuttering, or forms, and connected to the mains 
which are usually run adjacent to the stanchions. Before delivery to the site, 
a works test is made at 500-lb per square in. with compressed air under water, 
but when the coils are connected to the mains, a hydraulic test of 250 Ib is 
applied for several hours before the concrete is cast. 

If the floor is constructed by a method which does not employ fornis, the 
coils can be fixed from below, a similar procedure being applied when the system 
is applied to existing buildings or to false ceilings. 

The coils themselves are bent and welded electrically at the works, but all 
joints during erection are made by the oxy-acetylene welding process. 

The heating system of the Royal Liver Building, referred to above, has 
55,000 oxy-acetylene welded joints and has stood the test of twenty years. 

The heating contracts which were carried out simultaneously by one firm 
in London three years ago include 75 miles of pipe necessitating 15,850 electric 
and 13,000 oxy-acetylene welds, all of which have been buried in concrete. 

Work on a panel installation commences earlier than that on a similar 
radiator installation, and close cooperation between the main heating and floor 
contractors is essential. The fitters follow closely behind the shuttering gang, 
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laying the panels and fitting the necessary connections to the mains as soon as 
a bay is shuttered. The welders who follow, join up the connections and then 
come the testers who mark each bay as it is passed, ready for the concrete of 
the floor to be poured. 


It will be seen that by these means, providing an effort is made to complete 
the boiler house work and to run the mains, the panel warming system can 
be set in operation very early, sometimes even before the walls are constructed. 


The value of a heating system at so early a stage is immensurate, for not 
only are working conditions improved for the operatives of other trades, but 
drying out of concrete and plaster ready for the reception of joinery, etc., 
allows the progress of the whole construction to be advanced at an abnormal 
rate. In some cases, it is even profitable to install temporary boilers and 
mains to obtain this early heat. 


In most reinforced concrete or hollow tile constructions, the coils are cast 
in concrete in the soffit of the floor over that which has to be heated. The 
temperature of the water gravitating or pumped through the system is not 
sufficiently high to set up expansion stresses which cannot be taken up by 
concrete without movement or cracking. 


When the concrete is sufficiently matured, the ceilings are hacked if no satis- 
factory constructional key has been provided, and plaster is applied according 
to a specification set out by the patentees of the system, as a precautionary 
measure against cracking which takes place if the materials or workmanship 
are of inferior quality. If reasonable care is taken, the failure of plaster work 
in contact with panel surfaces maintained at the normal working temperature 
need not be feared, and reputable plastering firms in England will give a five- 
year guarantee for work of this type. 


Application of panel warming is not confined to concrete construction. In 
Devonshire House, an apartment building erected in London some three years 
ago to the design of Messrs. Carrere & Hastings of New York City, in con- 
junction with Professor Reilly of Liverpool, the panels heating the three top 
floors were incorporated in Hy-rib suspended from the constructional floors. 
In cases such as this, the coils are fixed over and wired to the Hy-rib; plaster 
is then applied, care being taken to force this through the mesh to obtain an 
intimate contact with the pipes to allow free conduction of heat from the latter 
to the plaster face. In order to reduce convection currents and radiation to 
above, silicate of cotton is carefully laid above the panels to a depth of 
about 6 in. 


Standard arrangements have been developed for incorporation of coils behind 
marble walls, floors or ceilings behind terrazzo walls and floors, below wood 
joist floors and finally to existing ceilings, by means of special pre-cast plaster 
slabs which contain the coils, and which are finished in conformity with the 
decorations of the rooms in which they are fixed. 


Other types of panel can be applied to surfaces of walls and ceilings of new 
or existing buildings. The pipes are attached to either cast iron or steel 
plates; in the former case the pipes are cast with the plates in standard sizes, 
which are connected together with right and left hand nipples. In these Ray- 
rads as they are called, the heat from the pipes is conducted through the plate, 
the variation in temperature over the whole plate being between 10 deg and 
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20 F. Excellent results are obtained, and the surface of the plates can be 
treated in numerous ways to match decorations. The standard sizes of the 
castings, however, frequently present difficulties in application. For surface 
application coils similar to those normally cast in concrete are sometimes attached 
by rivetted bands or by spot welding to rolled sheet steel plates, to give as 





Fic. 2. WarMING PANELS APPLIED TO A Hy-RIB 
CONSTRUCTION 


intimate a thermal contact as possible. These panels can, of course, be made 
of any size and present less difficulty in connecting up than Ray-rads. Both 
the Ray-rad and sheet steel panels can be used with steam, hot water, or water 
heated under pressure to above the normal boiling point, and thus offer a wide 
field of application in commercial buildings, factories, etc. 

The consumption of electrical power in England has doubled since 1922, and 
upon the completion of the Government development scheme in which the 
power stations are centralized into 150 inter-linked units, an even greater 
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stimulus will be given to an application of Panel Warming which is finding 
favor in an ever increasing field. 


Electric panels of the Dulrae type are formed of a light asbestos sheet faced 
with cork, on which is placed a layer of plaster composition about % in. thick, 
containing a grid work of specially insulated wire element, making a panel of 
a total thickness of about 1% in. The panels are made in stock sizes, 36x12 in. 
and 72x24 in. and for various voltages up to 250; they can be operated by 
either direct or alternating supplies. In existing structures, a number of 
standard units, connected to form a complete panel of suitable dimensions, are 
finished with a neat beading, and screwed to the surface of ceilings or walls. 
In a new structure or one where cutting away does not iivolve serious diffi- 
culties, the panels can be sunk flush with the finished ceiling or wall face. At 
times, the elements are fixed behind mirrors, in portable folding screens and, if 
special precautions are taken for waterproofing, in floors of bathrooms. The 
power absorption is calculated to give a surface temperature of about 120 deg 
to 130 F on continuous running, but when thermostatically controlled, the mean 
temperature is in the neighborhood of 80 to 90 F. 


Dulrae panels are either switched on independently or arranged for series 
parallel control in the ordinary way, giving 100 per cent, 50 per cent or 25 
per cent of the maximum heat available. 


The most efficient method of control is by means of a thermostat operating 
direct or alternatively through a contactor switch when the load is great. 


A compromise between the hot water and the Dulrae Panel is gaining popu- 
larity ; heating elements are encased in sheaths of glass which are placed inside 
steel tubes, the space between the two being filled in with a plaster material to 
permit ready conduction from one to another. The tubes are cast into ceilings 
or walls, or at times into floors; the positions that they occupy and the results 
obtained from them are similar to those of hot water panels. 


Another form of electric panel, called the Morganite Panel, has useful spheres 
of application, but although not luminous, the working temperature is higher 
and the human body is sensitive to the heat rays emitted. 


Electric heating especially lends itself to measurement of power and from 
installations of this type much has been learnt of the fuel consumption ot 
panel systems. 


By the courtesy of J. L. Musgrave and R. G. Crittall, to whose foresight and 
ingenuity, and above all, to whose fortitude, the development of the panel warm- 
ing is mainly due, I am enabled to give below some figures obtained on an 
electric panel installation in London during the severe winter of last year. 
The heating season was prolonged from October 1 to May 1, a period of 212 
days, with an average recorded temperature of 43 F. The building under test 
contained eight large rooms, hall, staircase, etc., and by thermostatic control 
was maintained at 60 F at which temperature the radiant heat secured condi- 
tions of comfort. The total connected load of the electric panels was 20 kw, 
making 101,760 kwh available throughout the 212 days. The actual power 
consumed was 30,300 units, approximately one-third full load. The cube of 
the rooms warmed was 21,250 cu ft, making a total of 1.42 units per foot 
cube—a moderate annual charge. 
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A northerly room of 3,250 ft cube and equipped with 65 sq ft of heating sur- 
face gave an average daily consumption of 10 units for 24 hours, costing 
approximately one-third as much as a gas fire in an adjoining building. 

Experience proved that panel warmed buildings are run with the minimum 
fuel consumption when they are maintained at a steady heat temperature 
throughout the winter. Serious losses of fuel or electric power result from 
rapid heating after prolonged cooling, but if ample radiating surface is installed, 
the maintenance of a steady and moderate temperature, besides being most 
economic, gives the greatest comfort to the occupants. 


In England, it is found that under these circumstances the hourly consump- 
tion is about one-third of that of an intermittent service—a readily computable 
saving for a building in occupation for twelve hours a day. 


Owing to the almost complete absence of convection, hot strata of air are 
not formed in the upper portions of rooms warmed by ceiling panels, and there 
is thus a palpable fuel economy, for less heat is lost from convection and over- 
warmed air escaping through the upper portions of windows. 

The prime cost of a low pressure hot water panel installation exceeds by 
only a small margin that of a similar radiator system if the expense of enclosing 
and decorating the exposed portions of the radiator system is considered. Fur- 
thermore, the value to other trades of the early provision of heat to the un- 
finished building cannot be readily estimated, but there is no doubt that in mod- 
ern construction, in which speed is a paramount consideration, it definitely 
justifies increased expenditure on the heating system. 


Architecturally, the system is supreme. The complete invisibility of the radi- 
ating surface and of the risers is only relieved by the control valves, fixed in 
suitable positions within metal access boxes, and by means of which the panels 
can be controlled from the rooms which they warm. No space is wasted and 
no unsightly marks of dust arising from convection despoil the decorations of 
the walls and ceilings. It is frequently desirable in modern commercial build- 
ings, especially those which are sublet as offices, to modify the positions of 
partitions, a condition to which panel warming is readily adaptable, for the 
heating surface is uniformly distributed and each bay with its requisite heat- 
ing surface and control valve or valves is an independent unit. 


The architectural virtue of invisibility is claimed by some to engender a 
vicious element. Unless the greatest care is taken in the preparation of accu- 
rately detailed record plans, difficulty may subsequently be experienced in locating 
the exact positions of the pipes, and alterations to the system are therefore diffi- 
cult. These, however, are rarely necessary, for the reason given above. In 
a well designed installation, sub-division by partitions is relatively unimportant. 

There are two matters to which reference should be made at this point, 
namely, expansion and corrosion. The coefficients of expansion of concrete 
and mild steel are 0.62x10* and 0.66x10° per degree Fahrenheit respectively, 
and the stresses set up in the concrete owing to the higher expansion coefficient 
of the steel, at the normal working temperature of 120 deg are not sufficient in 
magnitude to cause failure or cracking. 

Internal corrosion is not serious in a system where the make-up water is not 
great. Oxygen is slowly admitted through valves and the pumps in an acceler- 
ated circulation, but experience does not show that the quantities are sufficient 
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to be dangerous. The causes of external corrosion have to be studied by the 
steelwork and reinforced concrete contractors as well as the heating engineers, 
and no trouble is experienced if the materials in which the pipes are encased 
are selected with care. It is important, however, to avoid any oxy-chloride 
compounds. 


Reference has already been made to the economy of maintaining a steady 
supply of heat. A panel warmed building shows remarkably steady tempera- 
tures, in spite of severe external conditions. The building fabric which is 
warmed throughout, has a large heat capacity; the reaction, therefore, to any 
sudden drop in temperature is slow, and if control is effected by external 
thermostats, increase of flow temperature compensates the additional heat loss 
without affecting the comfort of the occupants. 


On behalf of the Industrial Fatigue Research Board, Dr. Vernon has carried 
out a series of tests in Panel warmed rooms during the last three years. As 
well as with thermometer readings, observations were made with Moll’s Thermo- 
pile and the Kata thermometer. Remarkable evenness of conditions existed 
throughout a room warmed with a ceiling panel fixed near to the window for 
there was no more than 1 deg of difference of temperature between the floor 
and the ceiling. Estimation of wall temperatures obtained with the thermo- 
pile indicated that the mean wall temperature was from 2 deg to 3 deg higher 
than that of the air. Subjective observations made during the same series of 
tests showed that a temperature of comfort was only obtained in a panel warmed 
room at 1 deg lower than in a room heated by convection. 


Actual experiments upon the heat losses from people and the practical experi- 
ence of the installers of the system indicate that Dr. Vernon’s figure for the 
permissible lowering of air temperature is underestimated. 


In the last few years, remarkably even temperatures have been maintained in 
panel warmed buildings in which the boilers have only been fired for about 
one-third of the day. 


During this period, the excess heat generated is circulated to large storage 
tanks, where the temperature of the water rises as high as 280 F under the head 
of the building. An automatic mixing valve, controlled by a thermostat fixed 
in the flow pipe, permits the water circulating through the system to be con- 
tinuously maintained at the required temperature, generally between 90 and 
120 F by mixing with it a proportion of water from the storage tanks, which 
gradually fall in temperature until the boilers are once more operated. In some 
installations, the storage tanks themselves are directly heated by thermostati- 
cally controlled immersion heaters which are operated on the night load by 
means of time switches. 

Satisfactory results are also resulting from the thermostatic control of in- 
dividual rooms by solenoid operated valves controlling the flow of water through 
the panels. From economic reasons, a low pressure, generally either 8 or 25 
volts, is chosen for the electrical supply to the valves. In small installations, 
batteries are generally used, being fed from trickle chargers, but in larger in- 
stallations, rotary converters are more satisfactory. The thermostatic element 
is a bimetallic strip, which makes the circuit and thus closes the valve when 
the room is warmed to the temperature indicated on the indicator dial of the 
thermostat, which is set by hand. The circuit is broken when the temperature 
falls 1 to 1% F and the valve opens. Where one thermostat controls more than 
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four valves, it is usual to employ a relay, since the lag between the opening 
and closing temperatures is otherwise increased. Continuous recording ther- 
mometers placed in the rooms controlled in this way show variations of internal 
temperature of less than 2 deg throughout 24 hours, although the external 
conditions have changed abnormally. A sufficient testimonial to the efficacy 
of the thermostatically controlled solenoid valve in conjunction with Panel 
Warming is the contemporary installation of this dual system in a commercial 
building in London containing approximately 1,700 rooms. 

A further development of fundamental importance is the use of panel systems 
for cooling during summer months. Cooling water at a temperature of between 
40 and 50 F is circulated through the pipes and only a very slight lowering of 
room temperature is required. The cooled panel surface absorbs the heat 
radiated from occupants, walls, floors, etc., and there is a definite absorption 
from convective currents which at the same time prevent condensation at the 
working temperatures found desirable. 

It would be invidious for me to describe the panel system to you as the pana- 
cea for all troubles of the heating engineer. Mention has already been made 
regarding the inaccessibility of the installed system, and careful planning and 
erection are inseparable requirements of its successful application. Present 
practice is the result of 20 years of continuous experiment, during which many 
difficulties have been successfully overcome. In every installation, careful 
supervision is necessary to ensure that the coils are levelled to prevent air 
locks and hydraulically tested before they are connected or otherwise made 
inaccessible. Furthermore, external corrosion must be considered in the selec- 
tion of materials in which the pipes are encased. In the Bank of England, 
which is now being rebuilt, every effort is being made to ensure longevity, 
and it is an interesting fact that a panel system of copper pipes has been chosen. 

Supervision of the plastering is desirable to ensure that the correct mixtures 
are used and the work is well executed. It is the general practice to work a 
scrim into the finished face of the plaster surface to the panels, and it is essen- 
tial that care is taken that slovenly workmen do not apply a thin plaster coat 
after the scrim, as the continuity of the setting coat is then broken, resulting 
in a tendency towards the formation of cracks. Furthermore, if the heat has 
already been in operation, it must be shut off several days before plastering 
and not turned on again until at least four days after the application of the 
setting coat, the valves being cracked slightly and gradually opened day: by 
day. On large contracts, it is usual to detail a man to keep in close touch with 
the plaster work, to see that the panels are turned off when necessary and only 
opened slowly. At the same time, it is his duty to take a note of the materials 
and application of the plaster itself. 

The boom in building and the rapidly enhanced popularity of panel warming 
after the war at first caused an insufficiency of oxy-acetylene welders. To 
meet the growing demand, instruction in this comparatively new trade was 
undertaken both by the larger contractors and at schools, and now there is 
constant work for the trained man. 

Standardization of coils and connections from coils to risers is an essential 
factor of low costs. 


Since the cost of electric welding and bending at the factory is only a small 
fraction of that of oxy-acetylene welding and bending on the site, the pipes are 
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there cut to length and bent by suitable dies, and little is necessary on the 
building itself beyond the welding up in position. 

Intensive organization and coordination with other trades ine about ease 
and rapidity of installation which amply repay the consequent increase of super- 
vision charges. The installation is made continuous and is practically com- 
pleted before the building construction reaches the difficult final stages. It is 
then only necessary to maintain a small staff to carry out the testing and 
regulation and to attend to the running of the plant before the permanent staff 
takes charge. 

Early completion is a factor beneficial not only to the contractor, but to the 
general progress of the construction as a whole and is fully appreciated by 
architects. 

No mention had yet been made of the development of Panel Warming outside 
the land of its origination. European extension is progressing rapidly. The 
licensors have granted agencies in Holland, France, and negotiations are in 
hand with firms in Germany and Czecho-Slovakia, and Imperial extensions are 
rapidly increasing. Large contracts have been carried out in New Delhi and 
elsewhere in India, and contracts are in hand in China and Australia. In this 
country, as you know, the British Embassy at Washington has just been com- 
pleted under the auspices of the most famous of modern British architects. 

In conclusion, the panel system is a step towards the ideal; at the moment, 
a somewhat laborious attempt, but a well-founded attempt to apply the methods 
of nature to the needs of civilized mankind, and twenty years of experience 
have each brought their improvements which made the difficulties of the pre- 
vious years worth overcoming. 

One instinctively points to the extension of developments in the electrical 
application of panel warming, but it is impossible to see far, and progress can 
only be developed step by step. 

The principles are those used by the Romans 2,000 years ago with their 
underground flues, and although methods have changed, it can be forecast 
with no lack of confidence that future developments will lead to the provision 
of uniform distribution of radiant heat energy in the successful warming of 
buildings. 


DISCUSSION 


F. I. RaymMonp: I have gone over your paper quite carefully and there is 
one point that you made which was brought out very definitely in your paper, 
that you only have 1 deg difference between the ceiling temperature and the 
floor temperature. That is in one installation, I believe. I wonder if you 
have any theory as to why you do not get a higher temperature at the ceiling 
than you do at the floor? 


R. S. FRANKLIN: I would like to know what method of calculation might 
be used to determine the proper amount of coil surface? Is it determined in 
the manner that we ordinarily figure out heat losses? I would also like to 
know if it is possible to obtain any impression on this side of the water regard- 
ing such installations. It is a very interesting subject and everybody who has 
heard of panel warming has always said that it is only applicable to countries 
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with mild temperatures. I would like to have Mr. Fowler’s thoughts on that 
subject. If it were applied to our forms of construction here I can visualize 
cases where it would be impracticable to put on a water test during our winter 
construction period. 


F. M. Torrence: A very short question is insulation placed between the 
coils when they are put in the outside walls. 


Mr. Bruce: I was wondering whether the loss in the circulation through 
the piping, due to the return bend construction, would make it necessary to 
use a pump running under very high head, or whether the manifold system, 
as one slide indicated, would be better. 


Mr. Saunpers: I would like to inquire if there is any noticeable difference 
in the temperature required in heating by radiation from our usual method of 
heating. That is, we would naturally expect that the room temperature could 
be lower for the same degree of comfort if the room was heated by direct 
radiation rather than by convection. 


W. H. Carrier: I would like to make a remark about cooling, referred to 
in certain climates. I expect that the radiating effect of colder surface, where 
the dew point is not particularly high, might be quite effective, as pointed out, 
but certainly where, as we often have even in New York, dew points of 75 deg 
or even higher, with temperatures of only 80 to 85, on extremely uncomfor- 
table days, we could not get much cooling effect from our walls without getting 
condensation upon them. I doubt very much whether such application would 
work. Our temperature of comfort, as pointed out by the speaker, is the result 
of air temperature producing convection and radiation from surrounding sur- 
faces. If our air temperature is not greatly cooled, we would have to have a 
correspondingly lower surface temperature. I do not know just what the 
proportion is, but perhaps something in the ratio of 40 to 60, one way or the 
other, in order to get the effect we wish. 


Comfort temperature is also affected by humidity. If we do not change our 
humidity we cannot get comfort anyway. Those are conditions that are prac- 
tical conditions in the U. S. I think they would be still more severe in India 
under certain conditions, while under other conditions it would work in dry 
weather. So that as a general proposition it does not look very inviting for 
a field of investigation. 


Mr. Fowter: Mr. Raymond mentioned the case of there being only 1 deg 
difference in temperature between the ceiling and the floor. If the air in the 
room is still, that immediately against the panel gets warm and as air is a bad 
conductor it takes a very long while for that warmth to creep down. The figure 
given is the result of Dr. Vernon’s experiments in a room with still air, in 
which temperatures were registeted by recorders. If you get convection, air 
movement owing to open windows, or the surface of the panel is below the 
surface of the ceiling, then greater temperature differences occur between floor 
and ceiling. 


Mr. Raymonp: I do not want you to think that I was questioning the 
result you gave. It was just simply that it seemed to me there would be 
more of a tendency for that air to be heated up at the ceiling and I was wonder- 
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ing whether you had any theoretical explanation as to how the heated air got 
down into the room. 


Mr. Fow.er: The heat gets down from the panel to the room largely by 
radiation. The radiant heat hits the walls and the floor and warms them. 
If it hits the floor, then you get convection. Your temperature gets remark- 
ably constant throughout the room except for a layer 2 or 3 in. thick underneath 
the actual panel. 


Mr. Franklin on the method of calculation—the same calculations of heat 
losses are used except that a reduced air change is allowed. Standard heat 
loss tables which we employ for radiator installations are adopted and the 
pipes are sized in an exactly similar way. 


I think I might answer another question, the question of friction head. 
The drop in head on a pump job through a panel is somewhere between 3 and 
4 ft of water. The jobs are usually sized 20 to 25 ft friction head. 


Regarding the application of the system to countries in which the temperatures 
are very low, we have had no experience beyond this Washington job in this 
country. In England last year we got’ temperatures down to 18 F, which 
means for maintaining internal conditions of 68, we had a 50-deg temperature 
difference. You calculate heating installations in the Eastern United States, 
I believe, on a basic temperature of zero degrees, which means a difference 
of 70. With a typical construction in England, in a room 20 ft square and 
10 ft high, with one outside wall and two normal size windows, the normal 
size for the panel would be about 40 sq ft. That is on a 30-deg difference 
temperature. If you work on a 50-deg difference, you have 56 sq ft and on a 
60-deg difference, 92, and 70-deg difference, 105 sq ft. That would be just 
over a quarter of the ceiling. I see no reason why the heating should not be 
effective at 20 deg lower temperature than that which we get sometimes in 
England. 


For testing on the job in cold weather we empioy a mixture containing a 
certain percentage of glycerine and we test one riser at a time. Usually two 
floors are put in at one time and the mixture is drained out and used over and 
over again and carried from one job to the other. I doubt whether that plan 
would be effective in zero temperature. 


Regarding coils in the outside walls, we get the same conditions when we 
put the coils in the ceiling of the top floor. It is usual to install some board 
form insulation, or a similar compound, and for the top floors we put in a per- 
centage of extra surface to allow for the loss through the roof. 

Regarding the difference in the comfort conditions in a room heated by a 
radiator and a room heated by panels, Dr. Vernon has made some tests and 
gives a figure just over 1 deg, but general experience proves that it is a matter 
of 3 or 4 deg, certainly more than Dr. Vernon’s figure. 

The cooling tests discussed by Mr. Carrier were made during the past 
summer. We get high humidities in London, but under the highest humidities 
we could cool down more than 2 deg without condensation. If we tried to cool 
down 5 deg, condensation occurred. The convection currents retard the for- 
mation of drops on the panels and we have no complaint from that. I do not 
know how our figures would compare with the figures here of 75 deg dew 
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point, but I do not think that with the very small temperature drop required 
there would be condensation. 


Mr. Carrier: In London you do not get as high humidity as we do here 
so that your dew points do not run as high as they do here. 


Mr. Fow.er: I must leave it at that. 

Since this paper was prepared, however, panel warming installations have 
been made to cope with exterior temperatures of OF, in Germany and Czecho- 
Slovakia, and others have been installed in France and Italy, in places where 
the continental climate necessitates guarding against much lower temperatures 
than are usually experienced in the British Isles. 
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and a method of automatically controlling the temperature in steam heated 

buildings. Automatic control should provide a comfortable temperature in 
all parts of the building at all times, and should reduce operating costs. The 
apparatus to be described in this paper does this, first, by providing a heat 
control mechanism and, second, by providing a method of operation which 
makes possible an even distribution of steam at reduced heat capacities. 

The design of this apparatus is based on fundamentals of heat control going 
beyond any of the common methods now in use. For this reason its design 
will be reviewed before describing the apparatus and its operation. The scope 
of this paper makes it impossible to go as far into the theoretical considerations 
of temperature control as would be desirable. Many of the statements made 
would have to be qualified to fit all the situations which might be encountered. 
These cases can best be handled in discussion. 

To maintain a comfortable temperature in a building the considerations are: 

1. Heat emission proportional to heat loss. 

2. Even distribution of heat. 

3. Avoidance of overshooting and lag. 


It should be the purpose of an adequate temperature control apparatus to 
accomplish these results, but in order to design such an apparatus, the basic 
means of accomplishing each of these functions must be ascertained. The 
ruggedness of the apparatus and simplicity of operation are additional factors 
to be taken into consideration in the design. 

The room temperature varies directly as the heat emission of the radiators 
and inversely as the heat loss of the room. For practical purposes the heat 
emission of a radiator standing in air at 70 F varies directly with the radiator 
temperature, and the heat loss from a room at 70 F varies inversely with the 
outdoor temperature. These relations are not strictly true as the increments 
of heat emission for each degree of temperature difference between the radiator 
and surrounding air increase as the temperature difference increases. But since 


Tina purpose of this paper is to describe and explain an apparatus for 
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this is also true of the heat losses of the room the two errors tend to offset 
each other. 


There are other considerations besides outdoor temperature which affect the 
heat loss, such as wind and sun. However, this is one case in which the human 
element, usually far from helpful, actually aids in the solution of the problem. 
On the windward side of the building the occupants will keep the windows 
closed, relying on infiltration for ventilation. On the leeward side, especially 
if it is in the sun, the occupants are apt to have the windows open for ventila- 
tion. In this way the factors of wind and sun are somewhat minimized and 
an outdoor thermometer, protected from the sun, gives a fairly accurate indi- 
cation of the heat loss. From this it is apparent that the room temperature can 
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Fic. 1. Curves SHow1nG RELATION BETWEEN OuTDOOR TEMPERATURE, RooM 
TEMPERATURE AND RADIATOR TEMPERATURE 


be considered to be a function of the radiator temperature and the outdoor 
temperature. This relation is shown in Fig. 1. 


The control of heat emission from the radiator can be effected by (1) varying 
the steam pressure, (2) fractionally filling the radiator or (3) combinations of 
these two methods. However, the average temperature of the radiator metal is 
the only true indicator of the heat which will be emitted by a radiator standing 
in a room having a temperature of 70 F. For method (1) a single thermometer 
in intimate contact with the radiator surface will be sufficient to indicate the 
heat emission at various steam pressures, but this method is limited to a tem- 
perature range of about 250 F to 130 F (15 lb pressure to 25 in. vacuum). 
For methods (2) and (3), two or more thermometers are necessary to give an 
average temperature of the full and empty portions of a fractionally filled radi- 
ator. (See Fig. 2.) 


Since method (1) 7. e., varying the steam pressure, has the limitation of a 
250 F to 130 F radiator temperature, it is necessary that an adequate tempera- 
ture regulation system utilize fractionally filled radiators to maintain the cor- 
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rect relationship between radiator temperature and outdoor temperature shown 
in Fig. 1. A radiator temperature of 130 F is equivalent to a 40 F outdoor 
temperature. During the greater part of the heating season the outdoor tem- 
perature in many localities is above 40 F and a regulation system relying only 
on vacuum to secure the correct radiator temperature would be ineffectual 
during this part. 

The correct relation between heat loss and heat emission in any one room 
is of little value unless this relationship is maintained in all parts of the building. 
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Fic. 2. TypicaL ARRANGEMENT OF THERMOMETERS FOR METHOps (2) 
AND (3) 


It is very important that the radiation be designed to fit the heat losses and the 
piping to give even distribution of heat. But even with the heating system 
balanced for one pressure condition, the distribution may not be equal at all 
other pressures. Therefore, a temperature regulation system should operate 
so as to bring about even distribution of heat under all conditions. 


This could best be accomplished by keeping the steam lines full at all times 
and, by means of a controlled valve at each radiator, admitting steam to the 
radiator as required to keep the radiator at the correct temperature. This 
method is impractical because of expense. The same results can be obtained by 
keeping the mains full of steam at the same pressure as in the radiators and, 
by short bursts of additional pressure, forcing steam into the radiators as 
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required. By this means the inequalities of piping design are somewhat evened 
out, and in a fairly well designed system, approximately equal amounts of steam 
are forced into all radiators under the various conditions of pressure and 
vacuum. 


The adequate temperature control system should eliminate the objectionable 
conditions of overshooting and lag. These conditions are bound to occur unless 
the relation between radiator temperature and outdoor temperature shown in 
Fig. 1 is maintained at least approximately. Overshooting occurs when a radi- 
ator, emitting heat at a greater rate than the heat loss, is shut off as the room 
reaches the correct temperature but, continuing to emit heat at the high rate 





Fic. 3. Cut-Away VIEw or Contro, INSTRUMENTS 


for a period, raises the room temperature excessively. Lag occurs when this 
radiator is turned on again as the room drops to the correct temperature but, 
since the room cools from the outside wall in and since the usual place for 
measuring room temperature is an inside wall, the room becomes uncomfortably 
cool near the outside walls before the temperature falls below that required 
on the inside wall. 

It is plain that intermittent heating will produce some overshooting and lag. 
If the periods are short and frequent, they will be reduced to a minimum. If 
the periods are long and infrequent, such as exist in a system controlled by a 
room thermostat, they are apt to produce uncomfortable temperatures. This 
will be especially true during the moderate portions of the heating season. 
However, if frequent periods of intermittent steam supply are used, the rela- 
tionship indicated in Fig. 1 is approximately maintained, and the overshooting 
and lag are negligible. 


With these principles of temperature regulation established, the control 
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apparatus and its operation on a simple steam heating installation will be 
described to illustrate how the design and operation comply with these prin- 
ciples. Fig. 3 shows a cutaway view of the control instrument. The instru- 
ment consists of a case in which is mounted a mercury switch and a Bourdon 
tube. The Bourdon tube operates the mercury switch and thereby controls the 
oil burner, coal stoker, gas burner or, in the case of central steam service 





Fic. 4. Typical INSTALLATION oF ConTROL INSTRUMENTS 


and zoned heating systems, the steam valve. The Bourdon tube is operated 
by the expansion and contraction in three metal bulbs which are attached to 
the Bourdon tube by flexible capillary tubing. One of the metal bulbs is placed 
outdoors and the other two are attached to a suitable radiator. 

It is the total expansion of the liquid in the three bulbs which determines 
the action of the Bourdon tube and thereby the mercury switch. When the 
outdoor bulb is warm, the liquid in this bulb will be expanded and just a 
slight amount of heat applied to the radiator bulbs will be sufficient to move 
the mercury switch to the off position. When the outdoor bulb is cold, the 
liquid will be contracted so that it will be necessary that the radiator bulbs be 
heated to a high temperature in order to move the mercury switch to the off 
position. The instrument will therefore cause the heating unit to operate 
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in a manner which will produce the desired temperature in the radiator to 
which its bulb is attached. 


For the standard steam heating system the instrument is furnished with an 
outdoor bulb having twice the volume of the radiator bulbs. Thus each degree 
drop in outdoor temperature produces a 2-deg increase in the radiator tem- 
perature. The instrument is provided with 20 ft of capillary tubing on the 
radiator bulb and with 10 ft of tubing on the outdoor bulb. A reeess is pro- 
vided in the back of the instrument to hold any excess of tubing over the 
length required. In Fig. 3 the tubing is shown coiled up in this recess. The 
instrument is usually installed in a closet or hallway close to the control 
radiator with its flexible tubes leading outdoors and to the radiator. Electric 
wires connect the instrument to the automatic control for the heating plant. 


Fig. 4 shows a typical installation of the instrument. 


In a steam, vacuum, or vapor heating system the radiator bulbs of the 
instrument are always applied to the last radiator on the last riser on the 
longest steam main. The reason for using this radiator for the control is 
to insure a steam supply to all the radiators or at least to the risers leading 
to all the radiators before the last radiator can be heated sufficiently to shut off 
the supply of steam. 

In order to illustrate the operation of the apparatus, the various cycles of 
operation in a typical heating plant will be considered. When the instrument 
starts the steam supply (See Fig. 5A), steam is forced into the piping and 
the radiators, finally reaching the control radiator on the end of the longest 
run of pipe. Steam enters the radiator until the radiator has been brought 
to the correct average temperature, when the instrument stops the steam supply 
(See Fig. 5B). 

During this cycle the steam main has been completely filled with steam, 
since steam must reach the last radiator before the control operates, but the 
amount of steam entering the radiators may be unequal, depending on how 
well the piping is balanced and on the condition of the air valves. 

As the control radiator condenses steam and its average temperature drops 
below the correct level, the control apparatus starts generation of steam. 
Meanwhile steam has been condensing in the other radiators at a rate propor- 
tional to the surface in contact with steam, so that the least filled radiator 
condenses the least steam. Steam has also been condensing in the mains, but 
with covered pipes, the simmering of the boiler at off periods will be sufficient 
to keep them full of steam (Fig. 5C). 

As the control apparatus starts the generation of steam for the second time, 
with the mains full of steam, the increase in pressure is much more even at 
each radiator, forcing approximately equal amounts of steam into each one 
(Fig. 5D). Thus with the radiators containing the least steam tending to 
condense less and the bursts of pressure at frequent intervals tending to send 
equal amounts of steam into each radiator, there will be a decided tendency 
for the steam to equalize in the radiators after a few cycles (Fig. 5E). 

As before mentioned, the three considerations in the design of an adequate 
temperature control system are (1) heat emission proportional to heat loss, 
(2) even distribution of heat and (3) avoidance of overshooting and lag. The 
instrument must be rugged and its operation simple. 

The apparatus described in this paper provides for the first consideration 
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with the counter-balancing action of the outdoor bulb and the radiator bulbs 
acting on the same Bourdon spring. The problem is solved by going to the 
real bases, i. e., radiator temperature and oytdoor temperature. The second 
consideration is taken care of by the cycles in the operation of the system, as 
shown in Figs. 5A to 5E. These cycles tend to bring about more even dis- 
tribution of steam with each operation, even when the system is not properly 
balanced. Of course, a balanced system is imperative for the most satisfactory 
operation. However, the balancing effect of the cycles is always acting at all 
pressures and vacuums, 

The third consideration is taken care of automatically in the solution of the 
first two. With radiator temperatures held to values equivalent to outdoor 
temperatures there can be no overheating or underheating. And with the short 
frequent cycles necessitated by this apparatus the possibility of overshooting 
and lag are entirely eliminated.* 

With this explanation of the design and description of the instrument and 
its operation, its application to different systems of heating commonly used 
in large and small buildings can now be described. A modified form of this 
apparatus is being used for hot water heating systems, which is beyond the 
scope of this paper. The application to one-pipe steam systems, as used in 
apartments and commercial buildings, and to vacuum systems, as used in the 
larger apartments and office buildings, will now be explained. It will be shown 
how this apparatus operates in conjunction with other control systems, espe- 
cially with the zone control system, using a specially designed gradual opening 
valve. 

The operation of the one-pipe or two-pipe steam systems controlled by the 
apparatus is shown in Figs. 5A to 5E. The operation remains the same if 
there are two or more mains and risers. The control radiator is always the 
last radiator on the longest run of pipe. If this is on the top floor it is advis- 
able to place the outdoor control bulb on the short mast on the roof. Otherwise 
it is placed on the outside wall, protected from the sun in all cases. 


One-pipe vacuum systems and the various types of two-pipe vacuum systems, 
with or without pumps, are used to secure better distribution or a more moder- 
ate temperature range at the radiator. Thermostatic room control, the main- 
tenance of a constant differential and such devices as modulating valves, return 
traps, and orifices in the supply line give added refinement in operation. With 
all of these, this apparatus affords the primary control. 

This apparatus is valuable, when used with thermostatic room control, in 
that it eliminates the overheating and lag. The thermostat will determine when 
heat is needed, and the apparatus will determine the rate at which heat is to be 
delivered. Under this combined control there will be a long and moderated 
delivery of heat to the room each time the thermostat calls for heat rather 
than a short and intense delivery. If gradual acting thermostats are used the 
apparatus is of value as a master control to prevent excessive delivery of heat 
when tenants throw the thermostats out of operation by opening windows or by 
abusive manipulation of the thermostats. 


In conjunction with the two-pipe vacuum system, the apparatus functions 
to prevent excessive differential during the moderate part of the heating season. 
This condition is objectionable because it makes modulating valves, orifices, 
etc., inoperative. The excess of differential over frictional resistance is caused 
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by the closing of the return traps on the radiators. With fractional radiator 
heating afforded by the apparatus, the return traps will remain open until 
cold weather requires a full radiator when steam pressure can be built up. 
With the return traps open, the full effect of the return pump is available for 
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circulation. It is seen that with these systems, the apparatus is the primary 
temperature control, aided and refined by the other devices. 


The zone system of heating is becoming popular because it provides a means 
of controlling the heat input to various parts of the building to meet the vari- 
ations in the conditions of exposure. This zone system necessitates the use 
of valves, either manually or motor controlled, to adjust the flow of steam to 
each zone, and some method of control for these valves. A gradual-acting, 
motor-operated valve has been developed to operate for zone control in con- 
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junction with the apparatus described in this paper. The valve is shown in 
Fig. 6. This valve is operated by two motors, one to close and one to open, 
and the time required from full open to full closed, and from full closed to 
full open is 20 min. 


Fig. 7 shows a heating system divided into four zones, one for each face of 
the building. Steam is supplied to each zone through a gradual-acting, 
motor-operated valve. Each valve is controlled by the apparatus connected 
to the control radiator in each zone. This is the radiator farthest from the 
supply valve. The valves can also be operated from a switchboard in the 
boiler room for night operation and morning pick-up. 


Each zone, from supply valve to control radiator, acts in practically the 
same way as the simple system shown in Figs. 5A to 5E. Due to the long 
closing and opening time of the motor-operated valves, the changes in tem- 
perature of the control radiator will occur before the valve is completely closed 
or opened. This will cause the valve to operate from one fractional position 
to another rather than from full open to full closed. The steam supply will 
therefore be continuous under a slightly oscillating pressure. 


The outdoor bulb for each zone is placed on the face of the building which 
that zone heats. The bulb is protected from direct sunshine by a shield but is 
open to circulation of the skin air of the building. High wind will wash the 
face of the building thereby producing a lower skin or surface temperature. 
On that face of the building where there is no wind there will be a rising 
current of air along the face of the building due to the heating effect of the 
building. This produces a higher skin temperature. Similarly, sunshine on 
one face of the building will produce a higher skin temperature. Thus the heat 
supplied to each zone is controlled by the skin temperature of the building 
in that zone, which automatically compensates for the variables of wind and 
sunshine, as well as for outdoor temperature. 

With this system of zone control, the rooms on each face of the building are 
supplied with heat in the amount indicated by the skin temperature on that 
face. Each zone operates as a complete, independent unit. 

It has been shown by the description of its operation in conjunction with 
the various types of heating systems how this control apparatus will maintain 
a comfortable temperature in all parts of a building. By the elimination of 
overshooting and lag, this comfortable temperature will be lower than in the 
presence of these two factors since a room which has been at a temperature 
higher than 70 F is no longer comfortable as it cools to 70 F. Therefore, a 
fuel saving is obtained as well as a more equable temperature. 


DISCUSSION 


T. F. McCoy: Does the author consider it essential to use orifices with 
this system of regulation, in order to produce an even distribution of steam? 
When the main valve opens and lets a jet of steam into those radiators nearest 
to it the first rush of steam will overheat those rooms, whereas, the radiators 
in rooms at the far end of the line will lag behind and continue to call for heat. 


R. A. Wotrr: I understand that there is a method of operating this system 
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with a thermostat, so that a combination of exterior and interior temperatures 
can be used, but it has never been clear to me. 

S. R. Lewis: My major criticisms of this paper are favorable, because I 
know that the author has solved many troublesome problems of automatic 
temperature control. 

I. S. Dane: I would like to inquire about the uniformity of control when 
some rooms have extended surface radiation and others have cast-iron. 

H. M. Hart: This discussion indicates the possibility of eliminating some of 
the difficulties experienced with oil and gas burners. Today our heating systems 
are generally designed solid fuels and for constant heat supply through the system. 
When intermittent firing is used, heating contractors have a lot of trouble, but 
this type of control should encourage the greater use of oil and gas-fired 
installations. 

Mr. Lewis: With a modern oil-fired vapor steam heating system having 
graduated control valves on each radiator, and a single thermostat located in 
some representative room, frequent complaints result. Because the vapor sys- 
tem is especially designed to give optimum localized control and the central 
thermostat attempts to govern the temperature on an entirely different principle, 
a troublesome condition is created. 

Apparently central thermostatic control for a house is better adapted to 
warm-air, hot-water or air vented steam systems than to vapor or vacuum 
systems equipped with graduated manually controlled supply valves on the 
radiators. This new control tends to overcome objections to such a hook-up. 

In most cases, however, when we install an elaborate local temperature 
control at the radiators and add a centrally located thermostat which attempts 
to control the whole house, we must expect to receive complaints that one or 
the other of the two schemes for control is not good. 

For vapor systems I am inclined to recommend that the oil burner shall 
be controlled from the steam temperature rather than from the room tempera- 
ture so that the plant can be ready instantly to serve any radiator valve which 
may be opened. 

W. T. Jones: We Have used this device on oil burner installations and we 
find that it has cut down materially on the amount of oil that has been burned. 

Mr. GATZENBERGER: I am wondering whether there is a limitation on the 
length of capillary tubing, also whether this is a liquid filled or gas filled 
system? The one shown here indicates that the size of the bulb, in relation to 
the volume of capillary tube, is small. If it is a question of liquid filled or 
gas filled system, I would say that on the effect of temperature along a capillary 
tube would upset greatly the outdoor effect on the bulb. 

Mr. APMANN: In the last year this type of heat regulation has been used 
in several types of buildings. The first installation was in an apartment build- 
ing in which recording thermometers showed that at 78 deg the occupants re- 
ported that they were uncomfortable. The installation with the new control sys- 
tem showed a 73 deg temperature on recording charts which was reported as 
entirely comfortable, largely due to the psychological effect of having warm 
radiators at all times. 

One of the tenants told me the other day that he sits and watches the curtains 
move and all of a sudden he can see them move a little faster and then slow 
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down, indicating the success with which the control regulates the flow of 
heat to the radiator and, of course, increases the comfort. 

In a 9-story office building where both concealed radiation and ordinary 
standard radiation were installed the temperature was uniform throughout the 
building and the fuel consumption decreased. 

F. I. RaymMonp: Regarding the necessity of using orifices we find them of 
great benefit in balancing the system, in meeting the early morning warming-up 
demands. We find that we can control a one-pipe steam heating system quite 
satisfactorily due to an inherent balancing effect of the system. The paper 
contains a more theoretical explanation of the operating characteristics. If 
steam is present at all radiators, but not flowing into them, whenever steam 
pressure is raised the quantity of steam flowing into each radiator is propor- 
tional to the length of time that the pressure is maintained. That is because 
the air escapes through the valves slowly and not all at once. Consequently, if 
steam pressure is raised for five minutes, it tends to fill one-quarter of each 
radiator with steam. Of course, if one valve is plugged and another valve is 
wide open, the heat will be uneven. 

Mr. Wolff asked about the hook-up with the thermostat. In the case of an 
electric system the connections to the thermostat are made just like those to an 
aquastat or to a pressure control, so that either the control or the thermostat 
can shut off the fire. Because the radiator temperature always rises before the 
room temperature, the control bulb will be affected before the room temperature 
rises so that the fire is shut off anywhere from 10 to 15 min earlier than would 
occur with a thermostat. The statement should be qualified to this extent, in 
very small homes with a thermostat properly located the temperature regulation 
is excellent. I am frank to say that in a very nicely laid out six-room home I 
could detect no appreciable difference between the combined operation of this 
control and the thermostat and a thermostat alone. 

Mr. Dane asks how the control works with a combination of extended-surface 
and cast-iron radiation. There are no difficulties involved because steam is 
always present in the main with a gentle flow into the cast-iron radiation as well 
as into the extended-surface radiation, in the first a living room and the second 
bedroom, respectively. 

A comment I should like to make on Mr. Lewis’s remarks is that I was 
entirely sold on hot-water heat until I found out how much the circulation 
would vary in the piping system. The balance is almost as difficult to obtain 
as in a vapor system. I agree with Mr. Lewis’s opinion that a vapor system 
should not be controlled by a thermostat. 

Mr. Gatzenberger will find a description of the instrument in this paper. The 
instrument, completely liquid-filled, is regularly provided with 30 ft flexible 
tubing and the outdoor bulb is % in. in diameter and 8 in. long. It is assumed 
that the capillary tubing will have the same temperature as the instrument, but 
there is compensation in the instrument to take care of a temperature difference. 
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Tt data presented in this paper were obtained in connection with an in- 


INTRODUCTION 


The increasing tendency to apply various types of small disc and propeller fans 
as well as small centrifugal fans to warm-air furnace heating systems of the 
gravity circulating type has developed without very much attention to the heads 
or resistances which these fans must overcome. Little consideration has been 
given to the unusual operating conditions surrounding such a fan installation, 
since these fans must operate in a more or less rapidly moving current of air 
created by the gravity or natural circulation of the furnace. The rating of a 
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fan under the usual still air conditions does not apply when the fan is installed 
within a duct and in a moving air stream of variable velocity and of a volume 
which is often equal to or even in excess of the fan capacity in still air. 


As a result of the failure to take account of the peculiar conditions surround- 
ing the installations of fans in domestic furnace heating systems, the following 
possibilities or situations may arise: 

(1) With a well designed gravity circulating system and the usual commercial 
fan as applied today, the natural circulation of the furnace may practically sub- 
merge the fan and the fan may become a drag on the system. This is almost 
certain to occur at high combustion rates, and with small fans. 

(2) With any system designed for gravity circulation the fan will almost in- 
variably unbalance the previous gravity operation of the system, whether good 
or bad, and tend to increase the flow in those pipes in which there was the least 
resistance and friction as a gravity system. This means, usually, more air to 
first floor rooms or to short direct runs; and relatively less air to distant rooms. 
Such a condition may defeat the objective of the fan installation entirely, as 
shown in item (3). 

(3) Since, as explained in item (2), the more air is certain to go to the 
favored than to the unfavored rooms, the former will immediately overheat un- 
less the air temperature at the registers to these rooms is reduced. The occupant 
or the thermostat on the first floor will promptly check the fire and maintain 
70 F in the favored rooms with the result that the unfavored rooms may actually 
drop below 70 F and cool off. 


(4) Since both the fan and the natural circulation always take place simul- 
taneously when the furnace is under heat, the resistance which the fan has to 
overcome is an extremely variable quantity, which may actually range from a 
positive to a negative value. In all cases, it will be extremely small; ranging 
(with the usual type of propeller fan) in a well designed system from a static 
pressure in the bottom of the furnace casing of +0.010 in. of water for cold 
furnace with air at 65 F to —0.008 in. of water for hot furnace with air at 
150 F at the registers. The fan tested had a free air capacity of 1,400 cfm and 
actually delivered 950 cfm as installed in the furnace shoe with by-pass dampers 
closed. Even with a centrifugal fan delivering 1,260 cim of air, the maximum 
static pressure in the bottom of the casing was only +-0.02 in. of water with cold 
furnace at 65 F and the minimum 0+ inches with hot furnace at 150 F. 


(5) The propeller type of fan placed in the return duct develops a greater air 
handling capacity with the by-pass dampers closed than with them open. In 
either case, the fan suffers a material reduction in its free air handling 
capacity. The net aspirating effect of such a fan in a large return duct with 
dampers open is of negative value since any induced flow which may occur is 
much more than counterbalanced by the eddy currents and short circuiting which 
can and does occur when there are no by-pass dampers. Such fans should, 
therefore, be installed as is generally customary with automatic by-pass dampers 
when placed in large return air ducts. 


(6) Noise of a more or less noticeable character is almost certain to be trans- 
mitted to the occupied rooms of the residence. The occupants are never in 
doubt as to whether or not the fan is in operation. 


In addition to the preceding discussion of pressure effects on the performance 
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of small fans when installed in the return ducts of warm air furnace heating 
systems, it should be made clear that a fan of proper size may have some bene- 
ficial effects on residence heating. For example, provided the furnace is hot 
and the fire is maintained in normal condition, the starting of the fan will almost 
instantly increase the heating capacity of the furnace and its efficiency. The 
increases in the system under consideration were large and, although they de- 
creased rather rapidly within half an hour, some increase persisted even at the 
end of two hours provided the same intensity of firing was maintained. 


Typical increases in heating capacity were as follows: 
(1) With furnace delivering 18,000 Btu per hour at bonnet and a low fire, 
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starting the fan increased the heating capacity to 33,000 Btu in a minute and a 
half, with a drop to 27,000 in 30 minutes, which became 24,000 in two hours. 

(2) With furnace delivering 62,000 Btu per hour at bonnet and a brisk fire, 
starting the fan increased the heating capacity to a maximum of 83,000 Btu in 
a minute and a half, with a drop to 73,000 in 30 min which became 70,000 in two 
hours. 

Since the combustion rate was maintained constant in each case the furnace 
efficiency was benefited in almost the same degree as the heating capacity of the 
furnace. 

The fact must not be lost sight of that starting a fan will do little good unless 
there is a residual heat in the furnace itself and an active fire is maintained. 
Fans should not be depended upon to correct improperly designed or poorly 
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installed gravity circulating furnace heating systems. If the system is already 
out of balance, the fan may merely aggravate the situation unless the distributing 
system is readjusted to favor the unfortunate rooms. A properly designed and 
correctly installed gravity circulating system does need a fan. 


DESCRIPTION OF APPARATUS 


The equipment used for these tests was the heating plant installed in the 
Warm Air Research Residence, which has been completely described in Uni- 
versity of Illinois Engineering Experiment Station Bulletin No. 189.8 This 
plant consisted of a 27-in. cast-iron circular-radiator furnace equipped with a 
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52-in. casing, supplying air to 11 basement warm air pipes having a cross-sec- 
tional area of 832 sq in. When equipped with a single recirculating duct of 
854 sq in. cross-sectional area, this furnace heated the house in zero weather with 
register air temperatures approximating 135 F. Under these conditions prac- 
tically 680 cu ft of air based on 65 F and 29.5 in. of mercury were circulated 
per minute. 

No changes were made in the casing or in the warm air side of the system. 
Each change in the cold air side of the system has been designated by an installa- 
tion number, and this discussion is confined to the seventh and ninth installations. 

For the seventh installation, the cold air return duct was replaced by a shoe 
and a diffusion box shown in Fig. 4. The shoe was 12 in. in height and the 


* “Investigation of Warm-Air Furnaces and Heating Systems, Part IV, Research Residence,” 
by A. C. Willard, A. P. Kratz, and V. S. Day, Engineering Experiment Station Bulletin No, 189. 
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sides were tangent to the furnace casing. A multiblade centrifugal fan delivered 
air through a 12-in. round pipe into the side of the diffusion box in such a 
manner that the velocity of the jet was destroyed, and the air was delivered 
uniformly across the cross-section of the shoe. 

In the ninth installation, a single cold air return duct with a cross-sectional 
area of 854 sq in., as in Fig. 1, was used. This duct was connected to a shoe 
similar to the one used in the seventh installation. A 6-blade propeller fan 16 in. 
in diameter was installed in the shoe, and slides, or dampers, were provided so 
that the fan blades revolved in an orifice with a clearance of % in. These 
dampers are shown in the detail in Fig. 1. When the furnace was operated 
under gravity flow, the dampers were removed so that the full cross-sectional 
area of the shoe was effective. 


Test PROCEDURE 


For the seventh installation the volume of air delivered was measured by 
means of a Pitot tube placed in the 12-in. round pipe 8.5 ft from the fan dis- 
charge. A 10-point traverse on each of two diameters was used. The angle 
between the diameters was 90 deg. The static pressures were observed by mak- 
ing a traverse of the shoe with a Pitot tube placed successively in six positions 
in the cross-section just outside of the line of the furnace casing. The Wahlen 
gage, or Illinois micromanometer, reading to 0.0005 in. of alcohol was used to 
measure the pressure. Pressures above atmospheric have been designated as 
plus and those below atmospheric as minus. 


For the ninth installation, the volume of air was measured by means of a 
calibrated anemometer in the recirculating duct. For this purpose, a traverse 
was made on two diameters at 90 deg to each other. Six points were used on 
each diameter. Since considerable jet action was found in the shoe itself, indi- 
cating that the shoe did not run full, the static pressures in this case were meas- 
ured by means of a Pitot tube inserted in the casing about 3 in. above the top 
of the shoe. In this plane, practically all of the velocity of the jet from the fan 
had been converted into pressure head. These pressures were also read by 
means of the Wahlen gage. 

In all cases, the plant was maintained at a predetermined register air tem- 
perature for a period of sufficient length to establish thermal equilibrium, and 


this temperature was held constant while the pressure measurements were being 
made. 


DISCUSSION OF RESULTS 


The propeller fan delivered 950 cu ft of air per minute, and this amount 
remained practically constant over the whole range of register air temperatures. 
The observed static pressures with the propeller fan in the 9th installation are 
shown in Fig. 2. The static pressure corresponding to a register air tempera- 
ture of 65 F represents the head necessary to overcome the friction in the 
warm air side of the system including the registers, wall stacks, basement pipes, 
casings, and shoe between the fan and the casing. It may be noted that this 
pressure did not exceed 0.01 in. of water, with a cold furnace. 

As the register air temperature was increased, the increasing negative, or 
suction, head created by the furnace combined with the positive pressure head 
created by the fan and resulted in decreasing values for the observed static 
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pressure. The latter became zero at a register air temperature of 100 F, and 
was negative for all register air temperatures greater than 100 F. 

Since the observed static pressures at all register air temperatures above 
65 F represent the composite effect of the pressure created by the fan and 
the suction created by the furnace, it is reasonable to assume that the suction 
head produced by the furnace is represented by the difference between the 
observed static pressure for the given register air temperature and the observed 
static pressure at 65 F. These differences are shown in the lower curve in 
Fig. 3. The curve for volume of air circulated per minute under gravity flow 
alone is also shown in this figure. 

The upper curve in Fig. 3 represents the observed static pressures, or suc- 
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tion heads produced by the furnace under the conditions of gravity flow with 
the fan not in operation. It may be observed that these suction heads are 
less than the ones determined by difference, and shown in the lower curve. 
When the furnace is operating under its own motive head, it must create not 
only the head necessary to overcome friction but also the velocity head. Hence 
the observed static pressure will be less than the theoretical head calculated 
from the difference in weights of the air columns on the hot and the cold 
sides of the system. 

When the fan is operated, it creates the velocity head and probably either 
all, or part, of the head required to overcome friction. The gravity head 
obtained by difference, shown in the lower curve, therefore, probably repre- 
sents the theoretical gravity head, or the gravity head under conditions of no 
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flow. An approximation of the latter may be made by application of the 


chimney formula: 
D =7.64H (E-2) 


ot; te 
in which D = theoretical draft in inches of water, H = height of chimney 
in ft, 7, = absolute temperature on cold side of the system in degrees Fahren- 
heit, and T, = absolute temperature on hot side of the system in degrees 


Fahrenheit. In applying this formula, it was assumed that the height of the 
second story wall stacks from the grate line to the centers of the registers 
represented the mean height of the warm air columns, and the average register 
air temperature represented the mean temperature on the hot side. This com- 
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putation resulted in, D — —0.0267 for a register air temperature of 130 F 
and D = —0.0151 for a register air temperature of 100 F. The correspond- 
ing values read from the lower curve in Fig. 3 were —0.0165 and —0.0100 
respectively. This agreement is reasonably close, considering the uncertainty 
in regard to the actual mean height and actual mean temperature for the sys- 
tem, and tends to confirm the conclusion that the suction heads determined 
by difference represent the gravity heads for no flow. 

Fig. 4 shows the observed static pressures determined for various register 
air temperatures and volumes of air circulated with the multiblade centrifugal 
fan in the 7th installation. These curves also indicate that the observed static 
pressures decrease as the register air temperatures increase, and in addition 
that the observed static pressures increase as the volume of air circulated in- 
creases. Some inconsistency may be observed in two of the lower points ob- 
tained with very low air volumes and high register air temperatures, because 
under these conditions the furnace breathed and air was drawn in through the 
warm air register in the kitchen. 
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Fig. 5 shows the theoretical or gravity head under no flow conditions, and 
exhibits the same characteristics as the lower curve in Fig. 3. The numerical 
values also agree very closely at given register air temperatures for the two 
curves. 


Fig. 6 shows the static pressures or friction heads for the cold furnace for 
various volumes of air circulated. The maximum value of 0.025 in. of water 
was obtained when the volume circulated was practically twice the normal 
gravity air circulating capacity of the furnace in zero weather. Furthermore, 
the value of 0.012 in. of water for 950 cfm agrees very closely with that of 
0.010 shown for an equivalent register temperature of 65 F in Fig. 2, in 
which case 950 cfm were circulated by the propeller fan. A somewhat higher 
pressure is to be expected in the case of the centrifugal fan, since the pressures 
were measured just outside of the casing and hence included the entry loss for 
the shoe. The pressures measured in the casing, just above the shoe, with the 
propeller fan did not include this loss. 


The outstanding feature of all of the curves is the fact that the friction loss 
in a well designed gravity furnace system is small and that the observed heads 
are very low even with a cold furnace. Furthermore, when the furnace is 
under heat, these heads become progressively smaller, and assume negative 
values at the higher register air temperatures. 


DISCUSSION 


V. S. Day (Written): Referring to Conclusion 2—the inference may be 
drawn that where fans are employed the distribution must be maintained by 
proper adjustment of dampers, or by the introduction of proper resistances in 
the individual pipes. In either case the distribution will not be satisfactory 
for gravity operation. Recent experience has indicated that predetermined ori- 
fices may be satisfactorily used as a means of converting the pipes of a gravity 
warm air system to the purposes of forced flow. 


The term, “relatively less air,” in Conclusion 2 is not clear. Is it not true 
that when the fan was applied, the air to each room was increased in about the 
same proportion, and could not the over-heating of certain rooms be the result 
of increased air quantity rather than in any disproportioning of the percentage 
sent to the various rooms? 

Conclusion 6 should hardly be construed to mean that effective sound deaden- 
ing cannot be obtained. Recent results show that in systems designed for forced 
air flow, quietness to a degree inaudible to the human ear can be obtained, 
when proper acoustical methods are employed. 

It would be most desirable for the authors to give the Society the results of 
their observations on the difference in temperature distribution in the rooms 
heated with and without the forced flow of air. 

O. K. Dyer (Written): It is not my intention to question or criticize the 
method employed in testing, or the results obtained, but I wish to emphasize the 
advantages to be gained by using a fan with a warm air furnace, and point out 
that in my opinion the results of the tests do not justify the conclusions reached 
in the paper. 

A more rapid circulation of air around the furnace gives a more nearly 
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uniform temperature in all rooms, because a large volume of warm air is sup- 
plied instead of a small volume of hot air. Also stratification is prevented and 
a higher temperature is maintained at the breathing zone. 


Tests have shown that in the average home without a fan the temperature 
varies approximately 1 F for every foot elevation from the floor to the ceiling, 
while with a fan properly installed and operated this temperature difference is 
reduced %4 F within a few minutes after the fan has been started. 

Some rooms in a large number of furnace heated homes do not get their full 
quota and I have seen many where the hot air riser acted as a return air duct, 
due to small risers or long horizontal runs, and about the only corrective is 
to install a fan. 


After adjustment of the volume of the dampers which control the amount of 
air delivered to each room is made no further attention is required and I have 
never seen a case where a fan used under such conditions failed to improve the 
heating. After the fan has been operated for a sufficient time to heat up these 
obstinate pipes it may be stopped and good circulation will continue for some 
time. 

The fan used in the test had too many blades, in my opinion. Two or three 
would give a greater capacity under the slight pressure required and would 
offer less resistance to gravity flow when the fan was stopped, and in addition 
would be quieter in operation. 


The dampers used in the tests on each side of the fan were manually oper- 
ated, which would be impractical for the average home. As automatic dampers 
depend upon pressure in the furnace chamber to close them the fan starts up, 
more power is required and this produces more noise. Dampers properly made 
for use with a fan are not required with a correctly designed cold air duct. 

The cold air duct on the test installation was designed for gravity circulation, 
and is doubtless properly proportioned for that purpose but it is not right for a 
fan installation. The duct should have been about 40 per cent higher and 50 
per cent narrower, then there would have been no eddying or short circuiting. 





The figures given in this paper show that the capacity of the plant and also 
the efficiency was nearly doubled when the fan was operating. It seems re- 
markable that the fan could practically double the volume of air passing through 
the furnace, of this model gravity installation which was designed to give full 
capacity without the air of a fan. Very few such installations are to be found 
in homes. Generally a local tinsmith uses his own ideas about proportioning 
the air ducts, so that the fan ought to show to even greater advantage with the 
average job. 

A variable speed, choke-coil, or condenser type motor is recommended, as the 
resistance, capacity, etc., is rarely the same on two installations. Such motors 
do not interfere with radio reception, permit speed adjustment to fit the job, 
and reduce noise to the minimum. The average cost of operating the motor 
is less than 50 cents per ton of coal burned. 


In summary of the paper the statement is made that, “fans should not be de- 
pended upon to correct an improperly designed, or poorly installed gravity 
system . . . that the fan may aggravate the situation, unless the distribu- 
tion is readjusted.” The average householder would conclude from the fore- 
going that using a fan would not solve his problem. However, this readjust- 
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ment is not hard, no pipes need to be changed—just partially close the volume 
dampers in the air supply pipes leading to the most favored rooms and it will 
be found that the efficiency of the furnace has been increased about 50 per cent. 


In the same paragraph the statement is made that, “a properly designed and 
correctly installed gravity system does not need a fan.” Yet these tests made 
on a model system which must have been the last word as to proper design and 
installation showed a permanent increase in both capacity and efficiency of about 
30 per cent and a temporary increase of over 50 per cent. 


The natural conclusion is that the results fully justify a fan on any furnace 
job. 

J. C. Mires (Written): This paper, which includes a general discussion on 
performance of gravity and fan systems is, in my estimation, a very important 
paper, and merits profound consideration. 

It is significant at this time, in that it pertains to the air heating principle and 
as air heating is one phase of air conditioning, the subject matter becomes very 
important, especially because of the fact that air conditioning is considered vital 
to the health and comfort of all housed people, particularly those in the home. 
The apparatus used in this test is simple in its construction, nominal in cost 
and, therefore, is of interest to the public. 

I should like to discuss some portions of this paper for the purpose of clari- 
fication. 

In items 1 to 6 of the introduction reference is made to promiscuous use of 
small fans (commercially called—booster fans) without regard to conditions sur- 
rounding their installation. If the qualification applies to all items, I readily 
agree, because my experience has shown that without a material increase in air 
volume, and a subsequent increase in impingement and static pressure in the 
heating chamber, little or no improvement may be expected. I would, however, 
question the broad statement that, “a properly designed and properly installed 
gravity system does not need a fan.” If this statement is meant to apply to all 
fans on gravity warm air furnates, I consider it superfluous, in that, “a properly 
designed and correctly installed gravity system,” is a remote possibility, in view 
of the many adverse conditions encountered when installing the average system. 
If this is a conclusion drawn from the data given in the paper, I think it is in 
error. 

In the complete report of the furnace investigation referred to in this paper, 
Fig. 12 shows efficiency and capacity curves for both gravity and fan perform- 
ance, wherein the efficiency for gravity and fan performance is shown as 58 
per cent, and for fan performance 73 per cent. At 3.6 lb combustion rate, the 
capacity is shown as 81,000 Btu for gravity performance, and 98,000 Btu for 
fan performance, with the indications that the increase becomes greater as the 
combustion rate increases, which in turn would indicate a greater increase in 
the usual application of the system. There is, however, an equalization as well 
as a reduction shown for the ninth and tenth installations both of which ob- 
viously had wrong fan applications. 


‘These curves are for bonnet or register performance and evidently the con- 
clusion was not drawn from these facts. 

The over-all or house efficiency may justify the conclusion if we were to 
view the subject from a restricted perspective. If all chimneys were in the 
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center of the building as the one in this case, naturally a portion of the heat 
we are not able to get into the air with the gravity system would be absorbed 
by the inside walls, but the questions arise: What portion of the building do 
we want heated? By heating what proportion of the building will we improve 
our conditions? Judging from present conditions, is there any need of in- 
creasing the inside wall temperature ? 


Personal observation and investigation recently made by Professor Willard 
at the University of Illinois leads me to believe that it is much more important 
to improve the outside wall surface temperature. In view of the fact that this 
paper does not account for an increase of 20 per cent of the heat delivered at 
the register, I am inclined to think that the increased air currents from the 
fan, greater impingement on the outside walls and this unaccounted for heat, 
in part, at least, becomes useful in outside wall surface temperature, therefore, 
should be regarded as an improved condition. 


Another observation I want to make is that the comparison made between 
the fan system and the gravity system is not a fair one, because this test was 
made with the very best possible gravity system and the worst possible fan 
system. 


I have had a great deal of experience with alternating gravity and mechanical 
furnace systems, utilizing the automatic by-pass dampers, having introduced the 
idea to the furnace industry in 1918 and since that time I have been in continu- 
ous contact with installations, good, bad, and indifferent, and I believe that the 
unbalanced conditions, referred to in this paper, are due to the fact that this 
experiment was made with a system designed to cope with special characteristics 
peculiar to strictly gravity circulation. I think that if the assistance of inter- 
mittent fan circulation was adhered to, in the original design, the results would 
be much better and would be quite satisfactory for general use. 


Fig. 22 shows a material increase in the fan system capacity for a short 
period, over gravity capacity, due to the accumulated heat in the heater castings. 
If my knowledge of physics serves me well, I would conclude that during the 
period of conductivity in the casting, the heater is working at its very highest 
efficiency and from this, conclude also that if these periods can be made frequent, 
the general efficiency would be increased in direct ratio. 


In view of the facts set forth in the complete report, I cannot reconcile the 
statement that a fan is not needed. In fact, this statement would appear to 
contradict the facts set forth in the report and depreciate obvious advantageous 
results shown by the tests. Surely it is an advantage to increase the heating 
capacity of a warm-air furnace from 18,000 Btu to 24,000 Btu with no increase 
in fuel consumption. 


I can quite agree with the statement in item 2 under, “furnace capacities,” 
that the fan will do no good unless there is heat in the furnace. I do not recon- 
cile the statement, however, that “fans should not be depended upon to correct 
improperly designed or poorly installed gravity circulating systems,” for as a 
matter of fact in several thousand instances to my knowledge, the results have 
been quite to the contrary. 


The warm-air furnace needs anything that will make it better and I think 
the results of this experiment clearly indicate that the warm-air furnace system 
is greatly improved by the ue of a fan to force the air circulation. If an optimum 
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condition means anything at all in warm-air heating, it means taking the heat 
out of the fuel, putting it into the air, and distributing it in convected form to 
the livable part of the building where it will produce the greatest comfort. 

I am in agreement generally with the data presented in this paper, but I 
challenge the conclusions drawn for two very definite reasons: 

First: Because I think the statements or conclusions formerly referred to, 
are broader than the data would justify, and 

Second: Because if left unchallenged they would tend to hamper the progress 
of a movement that has already been of a very considerable public benefit. 

C. C. Hartpence: For five years I have been putting in fan furnace systems 
and I have had some experiences that I would like to pass on to the members 
here. When I started out I confined myself to air changes of from 10 to 15 
min and quite different from the air changes reported in these tests. Gravity 
air changes will approximate about 30 nin. In the case of average fan circu- 
lation, the air changes, as in this case, will run around from 15 to 20 min. In 
public buildings the usual method of circulation air and getting proper distribu- 
tion really calls for at least a 15 min air change. I have found the necessity 
for quicker air change and now have standardized on a 10 min change. There- 
fore I have installed fans, with ample capacity for rapid air change, which imme- 
diately brought into the problem the complications of uniform air distribution 
and sound. I want to call attention to the possibilities of grief, so to speak, 
that must be anticipated by the fan manufacturers who are considering this fan 
circulation system. 

The use of fan furnace systems is going to increase materially and practically 
al! manufacturers are preparing to supply the demand. Their two main prob- 
lems in my opinion are uniform distribution and sound. 

Furnaces today both of the cast-iron steel types are not designed primarily 
for the use of fan distribution. Therefore, the air currents through the furnace 
are sometimes disturbed and it is very difficult to control even a properly de- 
signed system. Faster air flow through a portion of the furnace and irregular 
heat transfer will create an unbalanced condition in the bonnet of the furnace. 
This paper emphasizes this extremely important point. Everyone interested in 
this problem must learn how to distribute the air from the head of the furnace, 
without objectionable sounds. No doubt furnaces will be specially designed in 
order to assure predetermined results. 

In the layout and installation of a good many systems I have found it easier 
to predict the results in a large system than in the smaller home plant. I have 
used every variation of fan furnace system that I could think of, including the 
use of dust filters, which should be confined to automatic fan jobs with by- 
pass; I have used humidification and have run into all kinds of problems but 
sound has been the most troublesome problem. I have tried propeller and cen- 
trifugal fans and the outlet velocities I now use are 400 ft with propeller fans 
and 1300 ft with centrifugal fans. The only way to make a fan furnace job 
commercially satisfactory and successful is to be able to make it as simple as 
possible because there are many problems attached. 

I believe it is incumbent upon this organization to recognize the advance of 
fan distribution of heat because of the possibilities of incorporating into that 
system practically all of the essentials of air conditioning, where engineering 
knowledge is needed for correct application. 
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A. P. Kratz: I think most of the troubles referred to by the first speaker 
are brought about by a failure to consider that the principles for designing a 
gravity job are diametrically opposed to the principles for designing a fan job. 
In gravity work, since the available head depends on the stack height, you 
must use very large pipes to the first floor in order to obtain the proper amount 
of heat. On the other hand, in a*purely fan job the available head is furnished 
by the fan independent of the stack height, and the pipes must be installed of 
a size proportionate to the resistance that is going to be met. The natural result 
is, that if a fan is installed in a correctly designed gravity job, and that was 
the proposition we had put before us. The air will take the path of least re- 
sistance, which is necessarily to the first floor and the first floor will be over- 
heated. In other words, the system will be unbalanced. We do not question 
either the feasibility or the advisability of designing a fan job which will operate 
satisfactorily on a fan, but when such a thing is done, however, the fan must 
be operated continuously. At the other end of the line there is no question but 
what a job can be designed and operated satisfactorily on gravity. There is 
no argument on either of the extreme systems. The argument all comes about 
from installing a fan in a gravity job or trying to correct a gravity job by 
means of a fan. The first speaker very well brought out some of those troubles. 

In reference to stratification which was mentioned by the second speaker, we 
could not see any evidence (we made measurements in the different rooms) that 
the fan had improved the condition so far as stratification was concerned. The 
temperature differentials from floor to ceiling from measurements made in the 
different rooms showed no improvement. 


A. C. Wittarp ANp A. P. Kratz (Written): Mr. Miles in his discus- 
sion has presented a number of points worthy of consideration, and the authors 
wish to express their appreciation for the careful study he has given this paper. 

We wish to call attention to the fact that no formal conclusions were presented 
in the paper, and that Mr. Miles’ discussion applies solely to the preliminary 
remarks embodied as an introduction. it 

Both fans used in the investigation were installed in a correctly designed and *! 
installed gravity system, and were operated continuously and not intermittently 
during the test periods. A correctly installed gravity plant is by no means the 
remote possibility considered by Mr. Miles. The research work sponsored by 
the National Warm Air Heating Association at the University of Illinois has 
developed information sufficient to insure the installation of correct gravity fi 
plants, and the extensive adoption of the Standard Code for Installation, ap- 
proved also by the AMERICAN Society OF HEATING AND VENTILATING ENGI- 
NEERS, has given added assurance of the existence of correctly instaled plants. 

The objection that the fan system as used was the worst possible because it 
was installed in the best possible gravity system, is tantamount to an admission 
that the only excuse for a fan is in a poor gravity system, and therefore, of the p 
correctness of the authors’ statement that a properly designed and correctly in- ) 
stalled gravity system does not need a fan. ! 

The over-all house efficiency is the only measure, in dollars and cents, of the 
economic value of any heating system. It is true that the use of a fan in a 
furnace increases the amount of heat delivered at the register faces for a given 
combustion rate. This is admittedly a desirable feature. On the other hand, 
the combustion rate required is determined by the heat loss from the house, and 
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from the chimney in the shape of flue gases. The fan has no appreciable effect 
on either one of these, and hence the over-all house efficiency is not increased. 
In this respect, the fan merely accomplishes a re-distribution of the heat in the 
house, and not a gain in economy. To offset this, an initiol cost, interest on 
investment, cost of electrical current, and possibly occasional service costs 
must be charged against the fan, since these do not exist on a gravity plant. 
No gain in fuel economy will be accomplished to amortize these charges and 
there is always the question as to whether the re-distribution of heat is worth 
the cost. 


The suggestion that intermittent operation might be an inherent advantage 
in utilizing the frequent occurrence of the peaks in heat delivery induced by 
the fan, is worthy of attention. It is possible that such may be the case, but the 
authors have no data to either prove or disprove the reasonability of such an 
assumption, and will have to plead an open mind. 


In closing, the authors wish to state that the introductory remarks are gen- 
eralizations rather than conclusions drawn solely from the material in the 
paper, and are based on their experience with, and data taken from, the tests 
on the fan installation in the Research Residence, and on fundamental principles 
of air flow; and while perfectly willing to concede the right to a different inter- 
pretation, they do not see any reason at the present time for changing their own 
interpretation or the opinions expressed. 
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AIR CONDITIONING THE HALLS 
OF CONGRESS 


By L. L. Lewis’ and A, E. Stacey, Jr.2, Newark, N. J. 
MEMBERS 


BOUT 80 years ago the original United States Capitol building measur- 
ing approximately 352 ft x 220 ft overall, was found to be inadequate 
for the purposes for which it was designed. Consequently, in 1851, the 

construction of the present House and Senate wings was begun. The House 
wing was completed in 1857 and the Senate wing in 1859. 


With these wings the overall dimensions of the building are 751 ft x 350 ft; 
the building faces east, with Pennsylvania Avenue extending southward from 
the grounds in the rear. The north wing is occupied by the Senate and the 
south, by the House of Representatives. It is interesting to note that originally 
the Senate occupied what is now the Supreme Court chamber, and the House 
what is now Statuary Hall. 

The two chambers are very much alike but of slightly different dimensions. 
The Hall of the House of Representatives, measured over the Galleries, is 139 
ft in length, by 93 ft in width and 36 ft in height from ceiling to floor. In all, 
444 people may be seated upon the floor, the outside dimensions of which are 
118 it x 68 ft. Attendants increase this number by 25 or 30. In the galleries 
there are 616 chairs, 240 people may be seated on the steps and there is standing 
room for 192, so that on important occasions a total of 1,048 people may be 
crowded into the galleries. 

The Senate Chamber is 113 ft in length, by 80 ft in width and 36 ft in 
height. The normal seating capacity of the floor is 96, and that of the galleries 
682. There are about 20 attendants present. Special sessions may bring all 
or part of both Houses into a joint meeting, at which galleries and floor may 
be crowded greatly beyond these limits. 

The location of the galleries relative to the floor is shown clearly in Fig. 2. 
This figure also shows the line of the ceiling, a beamed surface, the panels of 
which are approximately 8 ft x 10 ft. The center of the panels are frosted 
and colored glass, in artistic design. 

The beams of the ceiling, a false work covering the lower members of the 
~~ 3 Secretary and Consulting Engr., Carrier Engineering Corp., Newark, N. J. 

2 Vice-President, Charge of Research, Carrier Engineering Corp., Newark, N. 
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roof trusses, are made entirely of cast iron, a most unusual material for such a 
purpose. The panels do not extend entirely to the side walls, there being a 
fairly wide border around the outer edges, the material for which, again, is 
cast iron. A roof of glass covers the attic above this ceiling over practically 
the entire floor. This is the nearest contact which either chamber has with 
out-of-doors. The glass roof and the glass ceiling permit the entrance of suffi- 
cient light to give a most excellent natural illumination. 


Artificial illumination for the entire chamber is now obtained with electric 
lights, arranged in rows around the edges of the glass panels. These lights 
may be seen in one of the figures showing the duct work in the attic. (Figs. 
4 and 5.) It is interesting to note that at one time this artificial illumination 
was obtained with some 1,400 gas jets, located in the attic space. 

Partly surrounding the floor, and covered by the galleries, are two cloak 
rooms, the one Republican, the other Democratic. These are “L” shaped, the 
two longer sides making up the full length of the floor and the shorter sides 
extending approximately to the center of the shorter side of the floor. While 
no smoking is permitted on the floor, and, of course, in the galleries, the 
Congressmen may be completely at ease in the cloak rooms. 


Numerous entries in the Congressional Record dating back to 1870 show 
that there has been a continuous and vital interest in the heating and ventilating 
systems which were first installed when the wings were constructed, and 
which have been modified from time to time, in order to keep these systems 
in line with the development of the art, if not well in advance of it. 

The scope of the new work was the installation of equipment to air-condition 
the floor, the chamber, the galleries, the cloak rooms and the press rooms. The 
systems are designed to cool the conditioned spaces to a temperature of 75 F, 
with a relative humidity of 40 per cent. In winter the systems are capable of 
heating to 80 F and coincidentally maintaining a relative humidity of 50 per cent. 
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The spaces in which these air conditions are maintained are almost com- 
pletely shielded from all outside weather variations. Figs. 1 and 2 show that 
the chambers and cloak rooms are entirely surrounded by the corridors and 
rooms of the Capitol Building. These enclosing rooms are heated in winter, 
and in summer will have a temperature approaching that of out-of-doors. The 
principal duty of the systems conditioning the chambers and cloak rooms is, 
therefore, to absorb the heat given off by the occupants. 


This requirement varies widely and quickly as the people gather first in 
one place and then another. During an executive session, for instance, the 
public is excluded and the galleries are empty. During ordinary routine a few 
tourists are scattered about the galleries; the floor may be sparsely occupied and 
the cloak rooms crowded with smokers and conferees. A quorum is called for 
and the cloak rooms are deserted. All of these changes must be promptly 
met, and counteracted with changes in the cooling power of the supply system. 

The installation in the House, which was ready for the short session in 
December, 1928, and that in the Senate which was first operated in August, 
1929, are so very much alike that it seems wise to deal only with the larger 
of the two installations. 

Seven systems are required for complete operation. Of these, five are supply 
systems, one serving the floor of the House, the second, the galleries, the third, 
the cloak rooms, the fourth, the attic space, and the fifth, the press rooms. 
The press room apparatus is independent of the other systems excepting that it 
receives cold water from the central refrigerating plant. The sixth apparatus 
is an exhaust system for the removal of air, and the seventh, a forced circu- 
lation condenser water cooler for the refrigerating machine. 

The problem was so to balance the supply and exhaust that an excess of 
air would be brought in with the great central stream descending upon the 
floor and expanded outward to be exhausted through floor openings under the 
gallery seats. The effect of this is completely to isolate the occupants of the 
floor from those of the galleries. Thus, one, unfortunate in the possession of 
a common cold, could enter the gallery to see-and to hear and in no way subject 
a member to the possibility of infection. 

A total volume of 36,000 cfm is supplied by the apparatus serving the floor, 
that is, from system 1. An equal volume is supplied by system 2, serving the 
galleries. Approximately half of the volume of air handled by system 1 may 
always be taken from out-of-doors, this coming through a tunnel terminating 
in a tower intake located about 500 ft from the apparatus in the grounds at 
the rear of the building. A small amount of recirculation is taken from an 
exhaust chamber under the floor of the House. 


INTRODUCING THE AIR 


The problem of determining a proper method of introducing the air overhead 
was greatly complicated by three factors; first, that no one had any desire, 
had it been possible, to change any of the architectural features of the ceiling; 
second, that grilles or registers were considered too obviously out of harmony 
with the architecture to be permitted; third, whatever duct work was placed 
in the attic must not cast any shadows upon the glass ceiling. 


Fortunately, many of the decorative features of the ceiling were fastened 
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with bolts. The glass panels were framed in heavy wrought iron and these 
frames could be raised sufficiently to provide space for headers to distribute 
the air around the edges of the panels. The light and shadow problem was 
solved by a multiplicity of horizontal and vertical ducts, located as shown in 
Figs. 4 and 5. Reflection and diffusion of light was increased by painting 
with a light enamel paint. 


Congress is largely made up of members who, having passed beyond the 





Fic. 3. Apparatus 1 Is IN THE ForREGROUND. THE MAN LOOKING AT THE DRIVE OF 
Fan 2 Is Factnc Towarp THE INLET oF FAN 7. Tue Duct RISING 
DirECTLY IN FRONT OF THE COLUMN Leaps TO APPARATUS 3 


vigor of youth, are sensitive to air circulation. The necessity of making these 
gentlemen comfortable and the handicaps imposed by architectural features, 
required that all opinions and theories of the effects of distributing devices, of 
which Fig. 6 is an example, should be proved prior to installation. There- 
fore, the important physical features of all questionable sections were duplicated, 
and diffusers built to various designs and proved experimentally. Figs. 7 and 8 
represent section of the ceiling. All tests were conducted with a normal dif- 
ferential of air density for the systems. Observations were made both with 
smoke and the flames of many candles. 


STATIC PRESSURE REGULATOR 


The widely varying demands for cooling effect in the are? served are met 
with directly proportional variations in the density of the air delivered from 
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outlets relative to the density of the air in the chamber. Thus, the tendency 
of the air to fall bears a direct relation to the cooling work. A slight increase 
in the velocity of air delivered at maximum density would have a large effect 
in increasing circulation. An excess is guarded against automatically with a 
static pressure regulator. This insures a constant supply of air, a constant 





Fic. 4. THe Attic FROM A POINT ON THE LONGITUDINAL CENTER LINE. THE 
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distribution and effectively prevents the air movement in the occupied zones 
from exceeding a predetermined maximum velocity. 

Before placing these systems in commission, careful tests were run on each 
set of apparatus. As the most tedious and difficult part of the task was bal- 
ancing the distribution of air at the 90 headers in the ceiling, this was finished 
first. The static pressures in the header for different capacities had been deter- 
mined in the laboratory. Volume dampers had been installed in the supply ducts 
to the headers. These were adjusted to give the proper pressure in each 
header. A pitot-tube and a sensitive draft gage were used to measure the 
pressures. 

Due to the low air movement in the chambers, dry Kata thermometers were 
used to determine the velocity. Readings were taken at 32 stations covering 
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the floor. Flames of candles placed at different points indicated the direction 
of air movement in the breathing zone. Where necessary, adjustments were 
made in the openings through the floor to the exhaust chamber beneath. This 
method effectively balanced the air flow over the chamber. Complete volume 
tests were carried out on all systems, standard practice being followed. 





Fic. 5. ANOTHER VIEW oF THE Attic. THE GALLERY OUTLETS AND HiGH VELOCITY 
NozzLes ror THE ATTIC ARE IN THE BACKGROUND 


The resistance thermometers of the 16 point recorder were checked against 
precision grade glass thermometers graduated to 0.25 F. The recorder was 
found correct within 0.5 F. 


Tue Ducts 


The more important systems are located in the basement room shown on 
Fig. 9, many feet from the chamber. All of the supply ducts from systems 1, 
2 and 3 had to pass through tortuous passages, through heavy stone foundations, 
and upward through existing flues to the attic space. 
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It was not possible in every case to run the ducts through the available pas- 
sages without some modification, and in one case it was necessary to cut 
through 8 ft of blue stone foundation wall. Two men, assisted by every ordinary 
means, excepting explosive, spent 18 days enlarging one opening through this 
wall. In another case it was necessary to utilize the full area of one old smoke 
flue. The lining of this flue was impregnated with the products of com- 
bustion. To remove offensive odors, one and a half courses of the brick 
lining of this flue were chipped off in order to remove the impregnated portion. 
The clean surface was then waterproofed, rough plastered and finally covered 
with a smooth plaster finish. 

In order to eliminate soot and smoke as well as dirt, all of the air is passed 
through oil filters. System 2 supplies 6,000 cfm to the two cloak rooms, a 





Fic. 6. ONE or THE DIFFUSERS FOR THE GALLERY SUPPLY 


portion of this being taken from the recirculating passage of system 1. Under 
maximum load the other portion is conditioned air taken from the dew-point 
chamber of system 1. The interesting feature of the cloak room system is that 
all of the air can be delivered either at the floor or ceiling. Part of the air 
is now being delivered at the floor and part at the ceiling. 

System 4 exhausts 18,000 cfm of which 6,000 cfm is removed from ceiling 
grilles in the cloak rooms and 12,000 cfm from the floor opening in the gal- 
leries. The air may be discharged directly out-of-doors, or first used in system 5 
to cool the attic space. This 6,000 cfm added to the 12,000 cfm taken from 
the exhaust chamber under the galleries, makes up the 18,000 cfm total capacity 
of system 4. This air may then either be blown out-of-doors or into the inlet 
stream of system 5, the attic supply system. 
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Attic Supply System 

The attic supply system is probably the most interesting of all. It serves the 
triple purpose of utilizing the air from the chamber to cool the attic space, 
thereby forming a barrier between outside conditions and the chamber proper. 
It heats the attic space whenever necessary to prevent the glass ceiling from 
cooling the upper strata of air in the chamber, and in severe weather it main- 
tains a relative humidity and air movement underlying the glass roof, which 
will prevent condensation on the surface. 

The absolute humidity in the attic might be raised to a point approaching 





Fic. 7. Looxkinc UpwaArp Into THE DiFrFuseR SLOTS OF A FLoor OUTLET 
IN THE EXPERIMENTAL SET-UP 


that of the chamber by leakage through the paneled ceiling, so in winter the 
inner surface of the roof is swept with a current of warm, dry air which keeps 
the surface temperature below the dew-point. In summer, the used air taken 
from exhaust system 4 is delivered through a second set of outlets designed 
not to sweep the roof but to cool the lower portion of the attic while leaving 
the hot strata undisturbed in the upper section. 

Thus the temperature fluctuations in the attic space are greatly reduced, 
thereby relieving the automatic regulation of the floor and galleries, reducing 
the radiation losses from the attic duct work and reducing the temperature head 
at which air must be delivered. 


TEMPERATURE CONTROL 


The automatic temperature controls installed were designed to meet the 
unusual conditions previously outlined. For instance, the thermostats con- 
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trolling the heaters in systems 1 and 2 are located over 200 ft from the 
apparatus. To prevent the long air lines connecting the thermostat and the 
diaphragm valves from causing an appreciable lag in the operation of the 
instruments, some means were required to increase the air capacity of the 
thermostats. For this reason, air relay valves, which multiplied their effective 
sensitivity several times, were installed near the thermostats. 

A thermostat located in the return air passage controlled the volume of air 
passing through the dehumidifier. To counteract these changes, a static pres 





Fic. 8. THe ExperImMeNtT witH SMOKE WHICH Is BEING CARRIED 
SLIGHTLY TO THE RicHt By A GENTLE AIR MOVEMENT 
IN THE LABORATORY 


sure regulator, designed for finely graduated action, alters the position of the 
recirculating dampers slightly to maintain constant the amount of air discharged 
by the fan. 

Maximum and minimum temperature thermostats are installed in the supply 
duct, to limit within predetermined ranges the temperature of the air entering 
the.conditioned spaces. These are necessary to maintain the air distribution 
at the breathing line. A standard dew-point control is used. This is so familiar 
no description is given. 

The sensitive bulbs of the thermostats controlling the tempering coils are 
located in the outside air duct. As the tempering coils are divided into two 
parts, an individual thermostat is connected to each section. One thermostat 
is set to operate at a temperature near the freezing point and the other at 


20 F. 
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Systems 1, 2 and 6 are controlled as previously outlined with the exception 
that the static regulator was unnecessary on system 6. 

The temperature of each cloak room is controlled by a thermostat placed 
in the room and operating the steam valve on the heater located in the base- 
ment. The temperature in the attic space is controlled during the heating 
period by a thermostat located in the center of the attic, which varies the steam 
admission to the heaters of system 5. This thermostat is shielded from the 
direct rays of the sun by white asbestos. 


System 6 delivers 7,000 cim to the five press rooms. The apparatus is located 





Fic. 10. LookING aT THE REFRIGERATING MACHINE THROUGH ONE OF 
THE OBSERVATION WINDOWS 


in the attic near the press rooms and is a replica of systems 1 and 2, except 
that a static regulator was considered unnecessary. Air is delivered from this 
apparatus through pan outlets centrally located on the ceiling and spreading 
cool air uniformly in all directions. Each one of these rooms contains an old 
fireplace through the flue of which air is relieved. 


REFRIGERATING EQUIPMENT 


A refrigerating machine, the capacity of which is 206 tons, is placed in a 
room near the main apparatus room and shown in Fig. 10. It is interesting 
to note that if all outside air were used instead of partial recirculation there 
would have been needed 486 tons of refrigeration to maintain the same air 
conditions in the chamber. The compressor of this machine is driven by an 
1,800 rpm alternating current variable speed motor, connected through increas- 
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ing gears. In order to prevent the noise from the motor and gears from 
reaching the corridors of the building, this refrigerating machine is entirely 
enclosed in a room having large windows to permit observation from various 
points in the apparatus room. 

Completely enclosing the refrigerating machine added the complication of 
removing the heat generated by the motor, radiated from the warmer portions 
of the condenser, and given off by the resistance grids of the motor controller. 
Air is admitted through a sound absorber and exhausted from a hood directly 
above the resistance grids. 

Condensing water could not be taken from the city mains, because of an 
insufficient supply. It was quite impossible to find any location in which either 
a spray pond or a cooling tower could be hidden on the roof of the building. 
Such equipment would have been entirely out of harmony with the architec- 
ture and purpose of the building. To meet this condition, system 7 was installed. 
This consists of a fan drawing 49,000 cfm from an interior court through an 
air washer and discharging it through a vertical flue arising to the roof. The 
exhaust from the refrigerating machine room is connected to the inlet of the 
same fan, 

In both the condenser and the cooler of the refrigerating machine the water 
passes through small tubes in a completely closed circuit. The condenser water 
pump, therefore, withdraws water from the tank of the condenser water 
cooler of system 7, and forces it through the condenser and back to the sprays, 
under pressure. A single pump withdraws the used cold water from the tanks 
of systems 1 and 2, and likewise pumps through the cooler to the sprays. A 
third pump supplies the necessary volume of cold water to the press room 
system in the attic. All horizontal runs of water piping are placed in trenches 
beneath the floor. 

For ideal operation, all of the seven systems and the refrigerating machine 
should have been located within a single room, but this was impossible. With 
the exception of the press room system the essential features of this plan were 
put into effect. An operator must ascend to the attic to start and stop the two 
fans in the attic, but otherwise they can be depended upon to operate without 
attention. 

There are points in the apparatus room from which the refrigerating machine, 
the condenser water cooler, supply systems 1, 2 and 6, all pumps and the air 
compressors can be seen. A temperature recorder which automatically prints 
16 temperatures upon a broad tape is prominently located on one wall so that 
the operator may at all times know exactly how the plant is operating. 


DISCUSSION 


W. H. Carrier: May I emphasize a point that was not clearly brought out? 
Mention should be made of the old system, installed sometime in the nineties 
and which served for many years. The air was introduced from a plenum 
underneath the floor of the House and of the Senate and the system was con- 
sidered ideal for auditoriums many years ago. In actual operation, however, 
the air had to be introduced at a temperature not lower than 68 deg because 
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it was brought in from the plenum through the legs of the chairs. Cooler air 
would settle along the floor and the senators complained. The system looked 
to be ideal on paper, the incoming air carrying heat away upward, but when 
the temperature was lowered complaint of cold was made and if the temperature 
was raised, it was too hot. Report of the House being stuffy, was not because 
of inadequate ventilation, for nearly as much air was supplied by the old 
system as is supplied by the present one. The main difficulty could be traced 
to the method of introduction and the dust content of the air. The new system 
has provision for air cleaning by both filtering and washing. 

The overhead distribution, permitting lower entering air temperature, has 
provided comfort both in winter and in summer. The winter ventilation is so 
greatly improved over what they had before that it was immediately noticeable. 
A person going from the House into the Senate, both chambers having practi- 
cally the same air supply, would say that one had good ventilation and the 
other was very poor. As a matter of fact, the same amount of air, relatively is 
present in both places, but the same effect is not produced. This is true of all 
auditoriums and our changed ideas with reference to air introduction is of 
great importance in maintaining conditions of comfort. 

PresIDENT HarpincG: I do not want to let this opportunity pass without 
thanking the authors for presenting this interesting paper. Of the many 
problems in heating and ventilating, that of dehumidification is the most com- 
plicated and the most difficult to solve. The design of this system, I believe 
ranks with the ventilating system installed in the Holland Tunnel. The prob- 
lems encountered in the design of this system were so unusual that I hope at 
some future time the authors will favor us with another paper covering the 
calculations involved. 
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TESTS OF DISC AND PROPELLER FANS 


By A. I. Brown,’ Cotumsus, O10 


MEMBER 


greater need for fans for man-cooling and for the removal of fumes and 

obnoxious gases in industrial plants; greater needs for the cooling of 
offices, restaurants and kitchens have also been realized. These needs have 
been filled largely by the increased application of fans of the disc and propeller 
types, and as a result of the increased demand a number of new designs of 
fans of these types have been developed. Prominent among the newer designs 
are the fans of the propeller types having blades similar in shape to the air- 
plane propeller. 

In many installations considerable saving in power consumption has been 
effected by the replacement of centrifugal fans by disc fans, and in other 
cases opposite results have been found, and many controversies have arisen as 
to the comparative performances of the various types and designs. 

Reliable performance data for centrifugal fans are available but similar data 
relating to disc and propeller fans are limited, especially in the case of fans of 
ihe airplane propeller type. 


. LONG with the industrial growth of recent years there has developed a 


OBJECTS 


The purposes of this paper are two-fold: (1) to note and discuss some 
observations which the writer has made in the testing of disc and propeller 
fans, and (2) to present typical data and performance curves for fans of the 
airplane propeller type. 

The observations herein noted are based on commercial tests of fifteen or 
more fans of various sizes and designs which have been conducted in the 
Mechanical Engineering Laboratory of the Ohio State University, and the data 
are presented on subsequent experimental work which is the outgrowth of these 
commercial tests, and which is now in progress as a project of the Engineering 
Experiment Station of the same University. 


Fan RAtINGs 


The most favorable field of service for disc and propeller fans is in moving 
‘Associate Professor of Heating and Ventilating, Ohio State University. 
Presented at the 36th Annual Meeting of the American Society oF HkATING AND VENTILATING 
Encineers, Philadelphia, Pa., January, 1930, 
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relatively large quantities of air against small resistances, as in this field they 
are generally less costly than the centrifugal fans and occupy less space. 
Certain disc and propeller fans are designed especially for moving small quan- 
tities of air against higher resistances, but the majority are found in the former 
field of service and the manufacturers therefore usually rate their fans on the 
basis of their free air capacity in cubic feet per minute, and the accompanying 
speed in revolutions per minute and power input in watts or horsepower. 

A little study of these ratings will show some interesting comparisons and 
some gross errors or exaggerated claims, based, no doubt, upon the results of 
inaccurate methods of air measurement, and in a few cases with no apparent 
basis other than that Manufacturer A believes his fan to be superior to that of 
Manufacturer B and therefore feels justified in publishing ratings which are 
somewhat more optimistic. 

As an illustration of widely different claims for fans of similar design, the 
following is noted in the catalog data published by two manufacturers. The 
first, a large manufacturing concerr with an extensive research department, 
rates their 36 in. fan at 10,700 cfm when running at 945 rpm with an input of 
1 hp. The second, a smaller and less widely known concern, rates a smaller fan, 
their 24 in., at a displacement of 35,000 cfm when running at 1,200 rpm with 
the same input of 1 hp. If by displacement the manufacturer means the rated 
air capacity, the capacity of the latter fan is claimed to be 3.27 times that of 
the former. The first manufacturer further claims for his fan an efficiency of 
31 per cent for free discharge. The second manufacturer publishes no values 
of efficiency but if he had done so on the basis of his published ratings he would 
have had to claim an efficiency for free discharge of over 3,000 per cent, as 
shown by the following analysis. 


PoWER REQUIRED BY A PERFECT FAN 


If a fan could be made to operate without any losses, such as those due to 
eddy currents, air friction and leakage, the power input would be equal to the 
power required to move the air against the existing pressure. The power 
required to move the air as expressed in horsepower is equal to the weight of 
air in pounds per minute, times the head in feet of air, divided by 33,000 ft-lb 
per minute. This expression when converted to more convenient terms states 
that the air horsepower equals the volume of air in the cubic feet per minute 
times the total pressure in inches of water, divided by 6,356. (See A.S.H.V.E. 
Code for Testing Centrifugal and Disc Fans.) When a fan is discharging 
freely into the atmosphere no appreciable static pressure exists at the plane of 
the fan blades, and the total pressure therefore is equal to the velocity pressure, 
in inches of water, or 


V 2 
D |e | where V is the velocity in feet per minute and D is the den- 


sity of the air in pounds per cubic foot. For average conditions of barometer 
and temperature the density of the air is approximately 0.072 lb per cubic 
foot, and by substituting this value for D, the expression for velocity pressure 


V 2 
becomes |———| - 
4100 | 


Applying this expression to the ratings cited for the 24-in. fan, 35,000 cfm 
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must pass through the opening of the fan, the area of which in this case is 
approximately 3.5 sq ft, with a resulting average velocity of 10,000 fpm; the 


2 10,000 72 
velocity pressure, || is therefore a—| or 5.95 in. of 





4100 





water, and the power required to move the air is 6356 


No account has here been taken of the decrease in the opening of the fan due to 
the space occupied by the fan blades and shaft, but if such account were taken 
the horsepower requirement would be even greater than the calculated value of 
32.7 hp. The manufacturer, in claiming to perform an amount of work equal 
to 32.7 hp with a 1 hp motor, is obviously claiming the impossible, and whether 


TABLE 1. Free-DiscHarRGE CAPAcITy oF FANs IN Cusic Feet Per Minute at 100 
Per Cent Erriciency* 
































Horsepower Diameter of Fan Opening or Outlet, Inches 

Fan’ Blades 12 18 24 30 36 
0.25 2550 4370 6420 8640 11000 
0.50 3210 5500 8100 10900 13860 
0.75 3670 6290 9250 12440 15830 
1.00 4040 6920 10180 13690 17400 
1.50 4620 7930 11650 15660 19950 
2.00 5100 8740 12840 17280 22000 














* Based upon average air density of 0.072 lb per cubic foot. 


unknowingly or by intent, is taking an unfair advantage of his competitors who 
have honestly and intelligently rated their fans. 

If it were possible to make a fan to operate with 100 per cent efficiency, in 
the case cited the volume of air which could be passed through an opening of 
3.5 sq ft by the expenditure of 1 hp would be 10,920 cfm or only 31 per cent of 
that claimed by the manufacturer. It should be noted that the air capacity 
claimed by the manufacturer exceeds that of a theoretically perfect fan in the 
ratio of 3.2 to 1, whereas the horsepower requirement exceeds that of the theo- 


*retically perfect fan in the ratio of 32.7 to 1. The horsepower varies as the 


cube of the fan capacity, and therefore an analysis of performance on the basis 
of the horsepower required to move the air will magnify discrepancies in rat- 
ings that are not so apparent when comparisons are made directly on the volume 
(cfm) basis. 

Table 1 shows the free-discharge capacities of fans of various diameters that 
would be possible if they could operate without air friction or leakage or any 
other losses. If a fan actually delivers 75 or 80 per cent of the tabulated value, 
its performance should be considered excellent. 

In comparing the rating of any fan with the values of Table 1 it should be 
noted that some manufacturers catalog their fans upon the diameter of the blade 
circle, others upon the diameter of the fan opening, and still others upon the 
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over-all dimensions. For any values of the diameter of the fan opening other 
than those shown in the table, at equal power inputs the capacity varies as 


4 ‘ . ; : 
aly power of the diameter ratio; and for a fixed diameter of fan opening the 
capacity varies as the cube root of the ratio of power inputs. 


MEeEtTHops oF TESTING 


The testing of disc and propeller fans is somewhat more difficult than the 
testing of centrifugal fans owing to the lack of a satisfactory means of measur- 
ing the velocity of a swirling stream of air. 

A common but unsatisfactory method of testing consists of traversing the 
stream of air on the discharge side of the fan with an anemometer or a Pitot 
tube. Results obtained by this method are inaccurate not only because of the 
error in measuring a swirling flow but also because of the difficulty in measur- 
ing the cross-sectional area of the stream of air which may be greater or less 
than the area of the opening of the fan and furthermore varying at different 
distances from the fan. The velocity also varies in different parts of the stream, 
and with some designs of fans the air near the fan blades may even be flowing 
in opposite directions, although this fact might not be detected by an anemom- 
eter; it can, however, readily be detected by holding a thread in or near the 
stream and observing the direction which it takes, or by a smoke test. Where 
a fan which is intended to exhaust air from a room is continually obtaining a 
part of its supply by leakage from the discharge side, outside of the room, a 


measurement of the stream on the discharge side is not a true indication of 


the useful capacity of the fan. 


In order to overcome some of these difficulties in air measurement, some fan 
testers have employed the method of arranging a short length of metal duct 
on the discharge side of the fan so as to confine the stream of air within an 
area of known cross-section. This method undoubtedly produces more consistent 
results than that of attempting to measure the unconfined stream. It is still, 
however, more or less subject to the errors due to the swirling effect unless 
this swirl is straightened out by the use of straightening vanes in the duct, and 
these vanes offer additional resistance of unknown value. The duct may also 
very greatly affect the capacity of the fan by converting velocity pressure into 
static pressure and by reducing eddy currents, as will be shown later. 


STANDARD CopE MEeTHop 


The Standard Code for the Testing of Centrifugal and Disc Fans which 
was adopted in 1923 by the AMERICAN Society oF HEATING AND VENTILATING 
ENGINEERS and the National Association of Fan Manufacturers specifies a 
method of testing disc and propeller fans which is quite different from the 
methods just described. This method is fundamentally that of measuring the 
quantity of air which is discharged by a centrifugal fan into an air chamber 
maintained at zero pressure when that quantity is therefore just sufficient to 
replace that which is being exhausted from the chamber by the disc or pro- 
peller fan. Under this method the air flow is measured by a Pitot tube which 
is located on the discharge side of the centrifugal fan where little or no swirl 
exists and where the stream of air can be measured with accuracy. A diffuser 
is required in the air chamber so as to guard against short-circuiting of air 
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from the discharge pipe of the centrifugal fan, through the chamber, to the 
disc or propeller fan. A draft gage, connected to an impact tube inserted into 
the chamber, is used to indicate the pressure in the chamber. 

This method involves the set-up of a considerable amount of apparatus and 
for that reason has not been used as generally as some of the more simple but 
less satisfactory methods. Without doubt, if purchasers of disc and propeller 
fans demanded fan ratings according to the A.S.H.V.E. Standard Code method, 
and if manufacturers generally adopted this method of testing, there would be 
fewer cases of such unfair and often absurd claims as are now frequently 


found. 
COMPARISON OF RATINGS BY DIFFERENT TEST METHODS 


No attempt is here made to compare ratings by the Standard Code method 
with those by the less accurate methods in that the results by the latter methods 
are too variable. Few manufacturers state in their catalog data the method or 
methods used in establishing their fan ratings; a small numbet, however, have 
followed the practice of publishing ratings of fan capacity based on tests by 
the more common inaccurate methods and with different ratings for the two 
sets of conditions, namely, for free air discharge, and for discharge into a 
short length of duct, usually of a cross-sectional area somewhat greater than 
that of the fan opening. 

If the duct diameter is larger than that of the fan opening, the velocity at 
the outlet of the duct is necessarily lower than at the fan, and some of the 
velocity pressure at the fan is converted into static pressure as the air passes 
through the duct, with resultant gain in capacity. 

It is significant that the published ratings for free discharge are invariably 
greater than those for the somewhat more accurate method of measurement of 
the discharge into a short length of duct, whereas in all tests which the writer 
has conducted according to the Standard Code method the results have been 
the opposite. The principle of conversion of velocity pressure into static pres- 
sure by an increase in the cross-sectional area of the stream of air is usually 
applied to the design of a centrifugal fan, and it seems logical that it can be 
applied profitably in the installation of a disc or propeller fan. The metal 
duct on the discharge side of the fan may furthermore decrease air friction by 
eliminating or reducing eddy currents that exist near the fan at the location 
where the greatest turbulence takes place, and in some cases the duct may 
increase the useful capacity of the fan by blocking off the recirculation of air 
which occurs in certain designs of fans. 

The tests herein reported indicate that disc and propeller fans will normally, 
if not always, have a greater capacity when discharging through a short length 
of duct of somewhat greater diameter than that of the fan, and that a short 
duct even of the same diameter as the fan opening will, in the case of an air- 
plane propeller fan, cause an appreciable increase in capacity. 

Table 2 shows the capacities of a number of fans for free discharge and for 
discharge into a short metal duct. The tests from which these results were 
obtained were conducted according to the A.S.H.V.E. Standard Code method 
except with reference to the dimensions of the discharge duct. The Standard 
Code states that “when disc fans are used to blow into a pipe in actual ser- 
vice the performance is different from the performance when mounted in a 
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wall, and consequently allowance should be made for the modified condition. 
Disc fans for blowing purposes are to be tested with the same standard arrange- 
ment of apparatus but in addition there must be placed on the discharge side of 
the fan a collar of the same diameter as the fan opening and 1 diameter long.” 

The stipulation of the use of a collar of the same diameter as the fan opening 
precludes the effect of a reduced velocity of the air in the collar. There is 
therefore no conversion of velocity pressure into static pressure as in the case 
where the collar or duct is of larger diameter than the fan opening, and the 
increase in fan capacity due to the addition of the collar is accordingly 
lessened. 


In the tests recorded in Table 2 it will be noted that the diameter of the collar 
or discharge duct was the same as the diameter of the fan opening in Test 3 
only, and in the other tests ranged up to 2.73 times the diameter of the fan 
opening. The length varied from 30 to 84 in., a variation which probably has 
no appreciable effect upon the results. 


All values of the electric input to the fan motors and the fan efficiencies are 
purposely omitted from Table 2 inasmuch as some of the fans which were 
tested were experimental units in the process of developmént and the publica- 
tion of any such data applying to them might be misleading and unfair to the 
manufacturers. Likewise, the values shown for capacities do not necessarily 
represent the proper ratings for fans of similar size as they are now being 
manufactured and are shown here only to aid in later discussion. It is to be 
noted, however, that in all tests the addition of the collar had little effect upon 
the power required to drive the fan, in some cases causing a slight increase 
and in other cases a slight decrease in the power consumption. 


Referring to Table 2 it will be noted that in all of the fourteen tests the 
addition of the duct effected an increase in the capacity of the fan, this increase 
ranging from 8.5 per cent of the free discharge capacity in test 10 to 34 per 
cent in test 1. Tests 1 to 12, inclusive, are of fans of the airplane propeller 
type with cast aluminum blades of various pitch angles, in the majority of 
designs with the blades of such length as to overlap the fan ring, and in other 
designs with various amounts of clearance between the tips of the blades and 
the inside of the fan ring. Test 13 is of a fan of thin blade design such as is 
commonly used in automobile motor cooling, in unit heaters, and in desk fans. 
Test 14 is of a disc pressure fan with a large number of sheet metal blades, 
designed primarily for operation at higher pressures. Fan speeds range from 
1150 to 2044 rpm, or with tip speeds ranging from 5740 to 16,330 fpm. 


It is obvious that too many variable factors are involved in these tests to per- 
mit of determining accurately from these limited data the most advantageous 
relationship between the dimensions of the duct and the fan or any definite 
laws of performance; however, some interesting observations may be made by 
comparisons of some of the data. 


Tests 2 and 3 are of the same fan blades but with motors of slightly different 
size and with a slight difference in axial clearance between the blades and the 
inlet face of the fan ring. These differences are probably responsible for the 
decrease of 260 cfm or 4.2 per cent in the free discharge capacity in test 3 as 
compared with test 2. In the same tests where the fan was discharging into a 
duct or collar the collar used in test 2 was of 15 per cent larger diameter than 
the fan ring, whereas in test 3 the collar and fan ring were substantially of the 
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same diameter. The collar in test 2 permitted of considerable conversion of 
velocity pressure into static pressure and increased the fan capacity by 18.5 
per cent, whereas in test 3 no appreciable conversion of velocity pressure into 
static pressure was possible and still the collar increased the fan capacity by 
10.4 per cent. 

As additional evidence of the effect of the collar in test 3 the collar was 
removed without stopping the fan. This procedure resulted in an increase 
from 0 to 0.068 in. of water in the pressure in the air chamber from which 
the test fan was exhausting, thereby indicating that without the aid of the 
collar the fan under test was unable to balance the capacity of the centrifugal 
fan which was blowing into the air chamber. The removal of the collar was 
also accompanied by a noticeable increase in the variation of the needle of the 
watt-meter which was used to measure the input to the fan motor, thereby 
suggesting the effect of the collar in dampening out turbulence in the flow of 
air. Similar evidences were observable in tests of some of the other fans. 


In test 10 the collar was 2.73 times the diameter of the fan ring, and the 
effect upon the capacity of the fan is conspicuously small, namely, an increase 
of only 8.5 per cent, suggesting that the most advantageous ratio of collar 
diameter to fan diameter has most likely been exceeded. In general the effect 
of the collar upon fan capacity, in the case of fans of the airplane propelle: 
type, appears to be more marked in the tests of fans having radial clearance 
between the tips of the blades and the fan ring than in the tests of fans with 
blades overlapping the ring. This result is to be expected in view of the 
fact that in free discharge tests of fans with radial clearance some leakage at 
the tips of the blades was readily detected, and it is reasonable that a collar 
on the discharge side of the fan would aid in blocking off this back-flow. No 
doubt the amount of leakage at the tips of the blades is influenced not only by 
the clearance but also by the design of the blades, and it is possible that by 
proper design the leakage may be appreciably reduced. 


The jet of air which is discharged by fans of the airplane propeller type is 
in the form of a cylinder extending a considerable distance from the fan, 
whereas the discharge from fans with the more common forms of thin sheet 
metal blades generally flares at a wider angle in the form of a cone. It is to 
be expected therefore in tests of fans of the latter type that a discharge collar 
would cause a considerable change in the direction of flow, with consequent 
increase in fluid friction, so that the collar would show less advantage in the 
matter of increasing the capacity of the fan. The results of tests 13 and 14 are 
in line with this expectation in that the increases in capacity due to the collar 
are only 15.5 and 12.5 per cent, even though the collar was of such a diameter 
as to permit considerable conversion of velocity pressure into static pressure. 
These results suggest the question as to whether a collar of the same diameter 
as the fan would show any advantage in connection with a fan from which 
the discharge flares at a wide angle. 


Tests 8 and 9 were on six-blade fans of design and dimensions very similar 
to the corresponding three-blade fans which were tested in tests 6 and 7. A 
comparison of the results for the six-blade versus the three-blade fans shows 
that the former developed a no-discharge pressure which was in one case 70 
and in the other case 81 per cent higher than for the similar sized three-blade 


fans. If the speeds had been identical the percentages would be slightly increased. 
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In the matter of capacity the two six-blade fans show free-air capacities 16¥% 
and 24 per cent higher than the free-air capacities of the corresponding three- 
blade fans. These increases in capacity, however, were gained at the expense 
of considerable increases in power, in one case an increase of 53 per cent and 
in the other case an increase of 82 per cent. 


The marked increase in power which occurred with increase in capacity is 
in line with the values shown in Table 1 where it is observed that the power 
consumed by a fan varies as the cube of the capacity, or as otherwise stated, as 
the cube of the velocity through the fan. If it is desired to move a certain vol- 
ume of air it can be accomplished with two lower speed fans with one quarter 
of the power which would be consumed by one nigher speed fan of the same 
size in performing the same service. 

Again referring to Table 1 it will be observed that a 30-in. fan, for example, 
will deliver under free discharge operation approximately as much air with 
0.25 hp input as will be delivered by an 18-in. fan of similar design with 
eight times as much, or 2 hp input. This observation is of prime importance 
in the selection of a fan for free-discharge service, and it is this feature of 
relatively large diameters common to the design of airplane propeller fans 
which accounts in large measure for their low power consumption. 


RELIABILITY OF STANDARD CopE METHOD OF TESTING 


In the tests herein reported the measured volume of air entering the air cham- 
ber was supplied by a fan discharging through a 24-ft length of 30-in. duct, 
and driven by an electric dynamometer. By varying the speed of the dynamom- 
eter and in some cases by restricting the inlet of the fan it was possible to con- 
trol the air supply with sufficient accuracy as to maintain a substantially con- 
Stant pressure in the air chamber, with variations never more than 0.005 in. 
of water above or below normal. As an additional check on the air pressure 
in some of the tests an anemometer was fitted tightly in the wall of the air 
chamber and it was observed to show no appreciable flow of air either into or 
out of the chamber, thereby also giving evidence that the measured quantity of 
air which was being supplied to the chamber was equal to that which was 
being removed by the propeller fan. 

The magnitude of the error which may be introduced in tests by this method 
due to a failure to maintain zero pressure in the air chamber was investigated 
by observing the pressure in the chamber when various measured quantities of 
air, greater or less than the normal capacity of the propeller fan, were being 
supplied to the air chamber. The results of this test show that a pressure of 
0.01 in. of water above or below atmospheric pressure represented an error in 
fan capacity of 115 cfm, which was about 2 per cent of the free discharge 
capacity of the fan under test. With the ordinary inclined-tube draft gage it 
is possible to read to a fair degree of accuracy a pressure of one-fifth of this 
magnitude, which in this instance represented an error in measurement of only 
23 cfm or 0.4 per cent of the fan capacity, an error which is much less than 
that which may be expected in air measurement by the Pitot tube. 

One of the most conclusive evidences of the reliability of the Standard Test 
Code method is shown by observing the pressure in an air-tight chamber when 
a propeller fan is blowing into the chamber and a similar fan of slightly greater 
or less capacity is exhausting the air from the chamber; then noting that an 
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equal pressure, but of opposite sign, exists when the fans are interchanged. A 
test of this sort was occasioned by the statement of Manufacturer A that he 
was confident his fan had a greater capacity than a similar sized fan of Manu- 
facturer B, in spite of the results of separate tests which gave Manufacturer B’s 
fan a rating of about 1600 cfm above that of Manufacturer A’s. A’s fan was 
set up so as to blow into the air chamber while B’s fan was exhausting, with 
the result that a vacuum of 0.067 in. of water was created in the chamber, 
showing that A’s fan was not supplying enough air to compensate for that 
which was being drawn out by B’s. When the fans were interchanged the 
pressure in the chamber was found to be 0.065 in. of water, or substantially equal 
in magnitude to the vacuum which was observed in the former case. 


MEASUREMENTS OF Low VELOCITIES BY ORIFICE METER 


In the tests of the various sized fans the same set-up of apparatus was used. 
This meant that for free discharge or for discharge through an open collar 
the velocities in the 30-in. measuring duct ranged from 312 to 3500 fpm, al- 
though most of the values were above 800 fpm. When the discharge was 
restricted in blowing tests the velocity in the measuring duct was even lower 
than 312 fpm, or much too low for satisfactory measurements by a Pitot tube 
and draft gage. For measurement of the lower velocities it was therefore 
necessary either to set up a measuring duct of smaller diameter so as to increase 
the velocities or else to resort to a more sensitive means of measurement. 


The drop in pressure through an orifice at the end of the measuring duct 
was found to serve as a satisfactory means of measurement of the low velocities 
without in any way interfering with the use of the Pitot tube for measurement 
of the higher velocities. The orifice was formed by inserting a metal cone in 
the air-chamber end of the measuring duct. The cone was centered and held 
rigidly in place in such a position as to restrict the opening an amount suffi- 
cient to build up a static pressure of about twenty times the velocity pressure. 
For any fixed position of the cone the exact ratio of static pressure to velocity 
pressure was noted when the velocity pressure was sufficiently high as to be 
determined accurately. It was noted that this ratio remained fairly constant 
for all velocity pressures of sufficient magnitude to permit accurate readings on 
the draft gage, varying usually by not more than one per cent from the average 
value. For velocity pressures which were too low to be read accurately on a 
draft gage it was therefore assumed that the ratio of static pressure to velocity 
pressure would remain constant, and the velocity pressure was therefore com- 
puted as a definite percentage of the static pressure. Any error in assuming 
a constant ratio of static pressure to velocity pressure or, in other words, a con- 
stant orifice coefficient for various velocities, is undoubtedly less than the usual 
tolerance in measurement of air flow. 

A cone inserted in the end of the measuring duct is of service not only as 
an orifice meter but also appears to diffuse air in the air chamber in a satis- 
factory manner and can therefore conveniently replace the diffuser which is 
required in the standard arrangement of apparatus. 


AIRPLANE PROPELLER FANS 
Within the past few years there have been placed on the market a number of 
makes of propeller fans in which the blades are of cast aluminum, similar in 
shape to the blades of an airplane propeller. The manufacturers of these fans 
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contend that in applying the airplane propeller to the propeller fan they have 
profited by the large amount of study and experimentation which has been in- 
volved in the development of efficient types of airplane propellers. They have, 
however, published very little or no data on the performance of fans of this type 
aside from their catalog ratings for free delivery nor have they compared the 
performance characteristics with those of other types of fans. 

It is for the purpose of supplying these data that the results of a test of an 
airplane propeller fan are shown in Table 3 and Fig. 1. Table 3 shows com- 
plete results, a portion of which are shown under test 3 of Table 2. The per- 
formance curves of Fig. 1 are plotted from the data tabulated in Table 3, and 
in shape are fairly representative of the performance of all of the airplane fans 
which were tested, even though the numerical values of efficiency show bet- 
ter performance than was found in the tests of some of the fans. Slight vari- 
ations in the shape of the performance curves of some of the other fans have 
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Fic. 1. Test or a 2-BLADE AIRPLANE PROPELLER FAN 


been found to be due chiefly to the influence of the diameter of the collar into 
which the fan discharged, and in that respect would not represent results strictly 
in accordance with the standard test code method. 

It may be noted that the power input to the motor, in the data shown, is 
higher than that required by a number of motor-driven fans of similar size. 
This is due to low efficiency of the motor and not of the fan, inasmuch as the 
motor which was used in this test proved to have a maximum efficiency of only 
59.6 per cent as against efficiencies of at least 70 per cent found in tests of a 
number of other makes of motors of similar size. 


SUMMARY OF RESULTS 


Table 3 and Fig. 1 show, for free discharge, a capacity of 5970‘cfm which 
is 77.8 per cent of the capacity of a perfect fan, and a corresponding fan effi- 
ciency of 47.3 per cent. For discharge into a collar of substantially the same 
diameter of the fan opening the capacity was found to be 6600 cfm, which is 
85.4 per cent of the capacity of a perfect fan, and the corresponding fan effi- 
ciency was found to be 52.3 per cent. 

The maximum fan efficiency of 60.5 per cent occurred when the fan was dis- 
charging 4260 cfm against a static pressure of 0.17 in. of water. The power 
input to the fan blades was a minimum of 0.207 hp at a capacity of 1050 cfm 
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and a maximum of 0.306 hp for free discharge. The static and the total pres- 
sure curves show a dip in the region of low capacities very similar to that 
which normally occurs in corresponding performance curves for a multiblade 
centrifugal fan. 


DIscuSsSION OF RESULTS 


The shape of the power input curve is of particular interest in that it shows 
that when the discharge is closed the power consumption is considerably less 
than for free discharge. This feature is opposite to that of the majority of 
disc and propeller fans, which consume the maximum power when the discharge 
is closed, and would be even more pronounced if the curves of Fig. 1 had been 
plotted for a constant speed instead of the actual speed of the motor and fan as 
it occurred in the tests. 


No data are here recorded to show the variations in capacity, pressure, and 
power consumption which occur with variations in speed, but a number of tests 
at various speeds verify the expectation that, within the limits of accuracy of 
measurements, the capacity varies directly as the speed, the pressures as the 
square of the speed, and the power as the cube of the speed. The highest 
values of efficiency occur in the neighborhood of the maximum capacity, and it 
is this characteristic which makes fans of this type particularly suitable for 
moving relatively large volumes of air against small resistances. 


In the case of the discharge through an open collar, the static pressure in 
the collar was found to be 0.030 in. of water below atmospheric pressure, thereby 
indicating a contraction of the stream of air within the collar. If this negative 
pressure had been neglected, on the assumption that zero static pressure existed 
at the outlet of the collar, the result of fan efficiency would be increased from 
52.3 to 62.7 per cent, but this value would not be consistent with the other 
values of efficiency which were based upon measured pressures inside of the 
collar. 


The efficiency of 47.3 per cent for free discharge is considerably higher than 
the efficiency claimed for any centrifugal fan for operation under similar ser- 
vice, such values for centrifugal fans usually ranging from 20 to 35 per cent. 
Similar tests, however, on some of the designs of airplane propeller fans 
showed efficiencies even lower than the values quoted for centrifugal fans, the 
variation depending largely upon the amount of leakage at the tip of the blades. 


The maximum efficiency which occurred when the fan was discharging 
against resistance, namely, 60.5 per cent, is not quite as high as the maximum 
efficiency found in tests of many centrifugal fans, even though it represents 
much better performance than that which was found in tests of some of the 
other propeller fans. 


In comparing the performance of propeller and of centrifugal fans it should 
be observed that in the selection of either type for any certain installation a 
wide range in power consumption is possible, depending upon the velocity at 
the outlet of the fan, and in order to maintain as low a velocity at the outlet 
of a centrifugal fan as in the case of a propeller fan, the area of the outlet must 
be of the same size as the entire opening of the propeller fan, and the entire 
housing of the centrifugal fan therefore becomes relatively large. 
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CoNCLUSIONS 
The claim is often made that the airplane propeller is the most efficient 
device yet known for the moving of air. If this statement is limited to the 
free discharge of air or to operation at or near the maximum capacity of the 
airplane propeller fan it is apparently true. However, the efficiency of a pro- 
peller fan is dependent not only upon the design of the propeller itself but to a 
great extent upon the means for preventing leakage at the tips of the blades. 


A collar or short duct on the discharge side of the fan increases the capacity 
and efficiency, not only by reducing leakage but also by reducing eddy currents, 
and if the diameter of the collar is somewhat larger than that of the fan the 
performance is still further improved by the resulting reduction in velocity 
pressure. 


Propeller fans for operation against the higher static pressures have merit 
with reference to small space requirements and relatively low cost as compared 
with centrifugal fans but do not show as high efficiencies as are found in tests 
of centrifugal fans. 


Analysis of the fan performance as published by the manufacturers of a con- 
siderable number of disc and propeller fans shows unreasonable values of fan 
capacity and efficiency. The calculated value of fan efficiency and the com- 
parison of the capacity rating with the computed capacity of a perfect fan are 
serviceable checks on the reliability of catalog data. 


The standard method of testing disc and propeller fans as adopted by the 
AMERICAN SOcIETY OF HEATING AND VENTILATING ENGINEERS and the Na- 
tional Association of Fan Manufacturers is a reliable method of testing, and 
shows important features of fan performance which are likely to be overlooked 
in tests by the older and less accurate methods. 


DISCUSSION 


H. F. Hacen (Written): The author of the paper is to be congratulated 
for calling attention to the proper method of checking propeller fan ratings. As 
those of us in the fan industry are well aware, every few years some new and 
startling propeller fan is introduced, and more often than not the published 
tables will show over 100 per cent efficiency. Sales can be made on some 
innovation in design, but frequently the fan disappears from the market. 


In connection with the paper, I feel, that a word of caution is needed for the 
casual reader. To my knowledge, designers of the fan companies have 
experimented with the stream line section for blades, both on propeller and 
centrifugal fans. When we learned from the work of the wind tunnel experi- 
menters that they could increase the lift to drag ratio from 8 to 1, which was 
the maximum they were able to secure with a sheet of uniform thickness, to 18 
to 1, we were encouraged to think that we might use this discovery to increase 
the efficiency of our fans. 

The large increase secured by the aeroplane people, and the efficiency which 
we were already securing on our fans, indicated at once, however, that there was 
no direct connection between the lift to drag ratio in the aeroplane wing, and the 
efficiency of a fan. Efficiencies were high enough at the time, so that we knew 
it would be impossible to multiply them by over two. 
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My experience has been repeated by that of every other fan designer with 
whom I have talked on this subject. Greatly to our disappointment we found 
that the use of the stream line blade section did not increase our efficiencies at 
all. It seemed permissible, therefore, to infer that the fan action and the lift to 
drag ratio of the aeroplane wing depended upon different phenomena. 

The aeroplane propeller as shown by our experiments is a fan of as high 
efficiency as the usual type of propeller fan, and no higher. In its two-bladed 
design the capacity is somewhat too low to meet commercial demands. 

If we consider the test curves shown in Fig. 1 of a 28-in. fan at 1,700 with a 
wide open volume of approximately 6,000, and compare this delivery with 
that of the average propeller fan as built by the various fan manufacturers this 
low capacity is strikingly exhibited. The average propeller fan now on the 
market would in this size and at the test speed, have a free delivery volume 
according to the standard test code of something over 14,000. 


Naturally at commensurate efficiencies, the horsepower taken by the standard 
fans would be higher. Some of the manufacturers of aeroplane type of fans 
have stressed this low horsepower taken by their fans without bringing out that 
the reason for the low horsepower was a still lower air delivery. 

There is an extremely attractive idea in applying an aeroplane propeller, 
with its 80 per cent thrust efficiency, to fan work. However, it should be 
remembered that thrust is a product of the mass of air handled per second, 
times the velocity. A good propeller would, perhaps, handle a small mass per 
second at a high velocity. This would be accomplished by the discharge of air 
not filling the circle completely, but consisting of two high velocity jets behind 
each blade. 

A good fan action, however, would handle the mass of air filling the whole 
circle with as slow a velocity as possible, and an ideal fan design would conse- 
quently have a minimum of thrust. 

This difference is brought out clearly if-we consider the tendencies of the two 
machines. The fan designer has been led to fill in the whole circle with blade 
area. The aeroplane designer has used two extremely narrow blades. This 
difference is to be expected when we consider the different purposes for which 
each is intended. 

Considering our own work and the work of others, I don’t think that the 
statement made in the second sentence of the first paragraph under Conclusions 
is justifiable. 
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SEMI-ANNUAL MEETING,,. 1930 


HE 36th Semi-Annual Meeting of the Society was held at the Curtis 

Hotel, Minneapolis, June 24 to 27, and was called to order by Pres. 

L. A. Harding. The excellent program of technical features and enter- 
tainment was thoroughly enjoyed by 300 members and guests. 


The Program Committee under the able direction of A. C. Willard, chairman, 
R. H. Carpenter and C. F. Eveleth, had provided subjects for discussion which 
were most interesting, and the attendance at the sessions was a fine tribute 
to the authors of the technical papers. 


E. F. Jones, president of the Minnesota Chapter at that time, introduced the 
Hon. William F. Kunze, Mayor of Minneapolis, who welcomed the Society mem- 
bers and guests to Minneapolis. 


One of the reports presented during the first session was that of the Guide 
Publication Committee, which was presented by the Chairman D. S. Boyden, 
as follows: 


Report of the Guide Publication Committee 


In compiling the ninth edition of THE GuIDE, the Committee is striving to keep 
pace with the rapid progress of the industry by revising old data to conform to present 
standards, by adding new material and by eliminating that which is obsolete. It is 
not the purpose of this Committee to outdo its predecessors, but rather to fulfill its 
obligation to the Society and to Guide users by making the book as useful and com- 
plete as is possible in the light of present available information. Every possible 
source of information is being used to maintain the high standard of THe GuIDE 
which has received such wide recognition as the outstanding publication in the 
heating and ventilating field. 

The personnel of THe Guine 1931 was completed by May 1, 1930, and about 
one-third of the revised chapters have already been received. The Committee has 
been fortunate in enlisting the cooperation of men of outstanding ability for each of the 
chapters. In practically every case, the associate editors selected are preeminent in 
the subject for which they are responsible, and each chapter can therefore be relied 
upon as being an authoritative source of information on that subject. 

THE Guide 1931 will contain 36 chapters, two of which, Fan Steam Heating and 
By-Products in Heating, are new. The chapter on By-Products in Heating will 
include a discussion of Exhaust Steam Heating, and will also include such other data 
of this nature as are available and appropriate. Some of the material from the paper, 
Power from Process and Space Heating Steam, by L. A. Harding, p. 53, will be 
incorporated in this chapter. 

Chapter 2 of Tue Guine 1930 will be divided into four parts in THe Guiwe 1931, 
three of which will be separate chapters, and the fourth of which will be a part of 
Chapter 34, Special Applications of Heating and Ventilation. The chapter on Ozone 
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will be eliminated and a brief discussion of this subject included in Chapter 34, as 
well as a discussion of Ionization of Air. 

The two chapters designated in Tue Guime 1930 as Air Conditioning and 
Drying will be treated as correlated chapters in THe Gutpr 1931, and will be desig- 
nated as Air Conditioning for Comfort, and Air Conditioning for Processing and 
Drying. In Tue Guipe 1930, the discussion of Unit Air Conditioners and Unit Air 
Coolers was included in the chapter on Unit Heaters and Air Conditioners. In 
Tue Guie 1931, this discussion will be included in the Air Conditioning chapters. 
Automatic Heat and Humidity Control will be treated in the same chapter in 
Tue Guie 1931, although previously these subjects have been treated in separate 
chapters. 

The chapter on Air Ducts has been expanded to include Dampers, Registers and 
Grilles. Instead of treating Pneumatic Exhaust Systems as in Chapter 28 of 
Tue Guipe 1930, the subjects of Smoke, Ash and Cinder Treatment will be treated 
in Chapter 33 of THe Gurpe 1931, as these are considered more closely related to 
the industry. It is proposed to treat a number of miscellaneous phases and problems 
relating to heating and ventilation in the Special Applications chapter. 

The financial outlook of THe Guipe 1931 is very favorable. The budgeted 
income from the Catalog Data Section is $36,500 and already more than 60 per cent 
of this amount has been contracted for. This is an exceptionally high percentage 
for this time of the year, particularly in view of the fact that the deadline for copy 
is still several months away. 

The splendid cooperation of manufacturers who have inserted their catalog data 
in THe Guipe has helped to increase its usefulness. THe Gurpe is essentially a 
limited-profit publication and any increase in the amount of catalog data not only 
increases its usefulness for that reason, but also makes it possible to widen the scope 
of the material covered in the Text Section. Furthermore, since the difference 
between income and cost of production goes to the Research Laboratory, any 
increase in the Catalog Data Section makes possible an increased amount of research 
investigation, which therefore comes back to the Text Section of THe GumneE. 

It is the intention of the Committee to print 12,000 copies of THe Guine 1931. 


Respectfully submitted, 
D. S. Boypen, Chairman. 


Prof. F. B. Rowley, Minneapolis, Minn., was introduced, and briefly outlined 
the program of the Committee on Research, and then called upon Director 
F. C. Houghten to give a detailed report on the various projects. 


Report of the Committee on Research 


Policies 

1. The policies of the Committee on Research must necessarily be governed by 
the wishes of the Society. 

2. In general, these policies have been fairly well established by past procedure. 
There are, however, specific occasions arising from time to time that require a 
modification of or the establishment of new policies. 


3. Regulations Governing Committee on Research 

At the Annual Meeting of the Society, a set of regulations amending and bringing 
up to date all previous regulations governing the activity of the Committee on 
Research and the Research Laboratory was adopted by the Society. In adopting 
these regulations, special attention was paid to the question of the Laboratory engag- 
ing in commercial research or testing for allied organizations. As a result of this 
consideration, the permission of the Society for the Laboratory’s engaging in such 
work was re-affirmed and an accepted procedure for undertaking such work was 
adopted. While commercial research and testing were not made mandatory, the 
discussion leading up to the adoption of the new regulations emphasized the desir- 
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ability of the Laboratory engaging in such work under proper conditions and 
safeguards. 

4. One point in which there has always been somewhat of a variation of 
opinion is in regard to the amount of work which should be done at the Central 
Laboratory at Pittsburgh in proportion to that which is carried on through various 
cooperating laboratories. The present policy which seems to have many advantages 
is to carry on both as needs require without any specific regulation covering the 
proportion between the two. There is an advantage in the co-operative project in 
that a broader interest is enlisted in the Society’s research work and that many 
facilities are available both in Laboratory and in trained technical men for carrying 
out special work which would not be available if confined to one central laboratory. 
On the other hand, it seems desirable at all times to maintain a Central Laboratory 
to properly correlate the work, carry on those projects which are not particularly 
well adapted to co-operative research work, and, also, to uphold the prestige of the 
AMERICAN Society OF HEATING AND VENTILATING ENGINEERS in the research program. 

5. Under the new regulations governing the Committee on Research, a request 
has been received from the Heating and Piping Contractors National Association for 
a program of testing and rating of various types of radiation. Acting upon this 
request, the Committee on Heat Transmission has outlined a method of test pro- 
cedure and estimated the approximate cost for the work. This report has been 
submitted to the Heating and Piping Contractors National Association, and as soon 
as approved by them, the necessary arrangements will be made for doing the work. 
A few requests have been received for minor tests which do not come under the 
scope of the Laboratory regulations. In all cases, these have been satisfactorily 
disposed of by explaining to the applicant the conditions under which certain tests 
may be made. 


Executive Secretary for Research 

One of the outstanding changes in the Laboratory organization has been the 
appointment by the Council of an Executive Secretary to the Committee on Research. 
The functions of the Secretary are to relieve the Chairman of many of the duties 
which cause an excessive demand on his time, to place the value of research before 
the public, to assist in raising funds for research projects in general, to further the 
interest of the Society in research and to insure the administrative continuity of 
the Committee. 

A man well qualified from past experience and training, Thomas J. Duffield, 
was appointed February 1 to this position. - It necessarily takes some time for a 
new man to become wholly familiar with all the activities of the Committee on 
Research and the possibilities connected therewith. It is expected that Mr. Duffield 
will be able to give a very good account of himself as time goes on, and in order 
that all may become better acquainted with him and his work, he will present a 
short report covering the financial aspects of the committee work. 


Technical Advisory Committees—1930 

Since the field of heating and ventilation covers a wide number of specialties, 
it is necessary that the Research Laboratory cover a diversified number of projects 
and carry on research which is of interest and necessity to the various branches of 
the profession. In order that the Laboratory may be of greater service and in the 
closest contact with the various interests, each of the major projects which are under 
investigation are under the general direction of the Technical Advisory Committees. 
The following are the Technical Advisory Committees which are at present active. 
New committees are under consideration and will be appointed as new projects are 
undertaken by the Laboratory. 

Air Cleaning Devices: O. W. Armspach, Chairman; C. A. Booth, Albert Buenger, Philip 
Drinker, and H. C. Murphy. 

Air Conditions and Their Relation to Health: W. H. Carrier, Chairman; A. C. Willard, 
Philip Drinker, E. V. Hill, W. A. Rowe, and C. P. Yaglou. 

Atmospheric Dust and* Smoke: A. S. Langsdorf, Chairman; E. V. Hill, H. C. Murphy, 
S. W. Wynne, and O. W. Armspach. 

Garage Ventilation: E. K. Campbell, Chairman; A. R. Acheson, A. C. Davis, E. B. 
Langenberg, and W:; C. Randall. 











366 TRANSACTIONS AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 


Heat Transmission: A. E. Stacey, Chairman; A. B. Algren, P. D. Close, A. P. Kratz, 
and H. J. Schweim. 

Oil Burning Devices: L. E. Seeley, Chairman; P. E. Fansler, R. V. Frost, H. R. Linn, 
J. H. McIlvaine, and H. F. Tapp. 

Pipe Sizes for Heating Systems: HU. M. Hart, Chairman; S, E.. Dibble, F. E. Giesecke, 
C. V. Haynes, and R. C. Morgan. 


Projects Under Investigation at the Research Laboratory, Pittsburgh, and at the 
Various Co-operative Institutions 


I. Air Conditions and Their Relation to Health 


II. Heat Transmission 
(a) With reference to built-up wall construction (Univ. of Minn.). 


(b) Effect of aging on the conductivity of concrete (Pittsburgh). 
(c) Heat absorbed from Solar Radiation (Pittsburgh). 
(d) Use of the Nicholls Heat Flow Meter. 
III. Infiltration of Air Through Walls 
(a) Tests to determine leakage through various types of walls (Univ. of Wisconsin) 
(b) A study of the “drift” of air across buildings (Univ. of Wisconsin). 


IV. Pipe Sizes for Steam Heating Systems 
(a) Capacity of pipes for various parts of a hot water heating system (Texas Agricul- 
tural and Mechanical College). 
(b) Capacity of pipe for various parts of a steam heating system (by Research 
Laboratory at Carnegie Institute of Technology). 
(c) Study of the use of copper and brass pipe in steam and hot water heating (plans 
under way). 


V. Air Cleaning Devices 
A study of methods for determining the amount of dust in air. 
VI. Radiation 
(a) Plans under way for determining the heat output from various types of radiation 
(Pittsburgh). 
(b) A study of heat distribution from different types of radiation. 
(c) Determination of proper method of testing radiators (Purdue). 
VII. Garage Ventilation 
(a) A study of conditions at Washington University (by Dean A. S. Langsdorf). 
VIII. Oil Burning Devices 
(a) A study of the operation and method of test (Yale University, Prof. L. E. Seeley). 
IX. Atmospheric Dust and Smoke 


A study in co-operation with U. S. Weather Bureau and public health department of 
departments of various cities. 


X. Measurement of Air Flow Through Registers and Grilles 
(with Armour Institute, Prof. L. E. Davies). 

XI. A Study of Thermal Properties of Different Species of Wood 
(in co-operation with National Lumber Manufacturers’ Association) 

Co-operative Agreements 


The co-operative agreements and contracts are now in force with the following 
institutions : 


Armour Institute of Technology Texas A. & M. College 
Association for Correlating Thermal Research University of Kentucky 
Carnegie Institute of Technology University of ‘Minnesota 
Harvard University University of Wisconsin 
National Lumber Manufacturers’ Association Washington University (St. Louis) 


Purdue University Yale University 
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Budget 

The estimated budget for the year was $36,000. However, due to the fact that 
the office of Executive Secretary was created after the budget was made out some 
changes will be necessary. 

The Laboratory is supported financially by 40 per cent of the dues from the 
members and by contributions from associations, manufacturers, and individuals who 
are interested in the work. 


Respectfully submitted, 
F. B. Row.ey, Chairman. 


The Report of the Research Director was then presented by F. C. Houghten 
as follows: 


Report of the Research Director, June, 1930 


INCE the Annual Meeting of the Society, the Research Laboratory has continued 
work on the six investigations under way at the Laboratory in Pittsburgh and 
at the eight cooperating institutions. Five of these investigations were brought 
tc a sufficient state of completion to warrant presentation of technical papers at this 
meeting as follows: 
1. Surface Conductances as Affected by Air Velocity and Character of Surface, by F. B. 
Rowley, A. B. Algren and J. L. Blackshaw. 
2. Capacity of Return Mains for Gravity and Vacuum Steam Heating Systems, by F. C. 
Houghten and Carl Gutberlet. 
3. Loss of Head in Submerged Orifices, by F. E. Giesecke. 
4. Air Infiltration Through Various Types of Wood Frame Building Construction, by 
G. L. Larson, D. W. Nelson, and C. Braatz. 
5. Carbon Monoxide Concentration in Garages, by A. S. Langsdorf and R. R. Tucker. 


In addition to the investigations resulting in reports presented at this meeting 
of the Society, the study of heat and moisture loss for men working, and also the 
study of oil burning devices at Yale University, have progressed sufficiently to 
warrant preparation of technical reports. However, these were not completed in 
time to be included in the summer meeting program. 


PROBLEMS UNDER INVESTIGATION BY THE RESEARCH LABORATORY IN 
PITTSBURGH AND IN VARIOUS COOPERATING INSTITUTIONS 


I. Arr ConpiTIons AND THEIR RELATION To HEALTH 


Technical Advisory Committee—W. H. Carrier, Chairman, A. C. Willard, E. V. Hill, W. A. 
Rowe, C. P. Yaglou. 


Since the Annual Meeting of the Society, the Laboratory has continued the study 
of heat and moisture dissipated to the atmosphere from the bodies of men working 
at various rates in still and moving air and also the study of metabolic rates and 
heat and moisture dissipated from the bodies of children of school age in still air. 
The series of tests planned for the first mentioned investigation has been completed 
and a report prepared. Most of the work outlined on the study of heat dissipation 
from children of school age has been completed and a report of this subject will be 
available in the near future. 


The Technical Advisory Committee on this subject in the past decided that the 
Laboratory should make a few check tests on the accuracy of the effective tempera- 
ture lines within the comfort zone and the comfort temperature. These tests have 
not yet been made but will be as soon as the above studies are completed. The study 
of vital characteristics of the atmosphere is being continued by Harvard in coopera- 
tion with the Research Laboratory. 
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Fic. 1—DETERMINING THE MEt- 
ABOLIC RATE OF A MAN WorkK- 
INGIN A STUDY OF THE RATE OF 
Heat PropuctioNn IN, AND D1s- 
SIPATION FROM, THE BopIiES OF 
WorkKING MEN AND THE EFFECT 
or ATMOSPHERIC CONDITIONS 
ON THE DIFFERENTIATION OF 
THESE LossEs BETWEEN SENSI- 
BLE AND LATENT Heat As- 
SORPTION. Mr. TEAGUE OF THE 
Laporatory STAFF DETERMIN- 
ING THE METABOLIC RATE OF 
Mr. Hunter. 





Mr. Carrier’s committee has been very active in planning a comprehensive study 
of the whole subject of relation of atmospheric conditions to the health and comfort 
of man to be made in cooperation with the U. S. Public Health Service and other 
organizations interested in this general subject. A tentative plan for this work is 
under consideration and very satisfactory progress is being made. In connection with 
these plans a conference attended by Mr. Carrier, Chairman of the Technical Advisory 
Committee, Dr. Thompson of the U. S. Public Health Service, Mr. Houghten, 
Director of the Research Laboratory, and Mr. Duffield, Executive Secretary of the 
Committee on Research, was held at the U. S. Public Health Service in Washington 
during February and another conference attended by the same persons and also 
Prof. Drinker of Harvard University, was held in Boston during March. 


II. Heat TRANSMISSION 


Technical Advisory Committee—A. E. Stacey, Chairman, P. D. Close, A. B. Algren, H. J. 
Schweim, A. P. Kratz, 


1. Heat Transmission Through Built-Up Walls—at the University of Minnesota. 
Professor Rowley at the University of Minnesota is continuing the study of 
heat transmission through built-up walls in his guarded hot box. A large number 
of types of construction have been tested and the results have found their way into 
the publications of the TrRaANsAcTIoNS and THe Guipe. This work is being continued. 


2. Conductivity of Homogeneous Building and Insulating Materials—at the 
University of Minnesota. 


The determination of fundamental coefficients of conductivity for various homo- 
geneous building and insulating materials is being continued by the guarded hot 
plate method at the University of Minnesota. A large number of materials the 
coefficients of which have been in doubt are being purchased on the open market 
and tested in order to build up a table of conductivity coefficients of materials on 
the market at the present time. By agreement with the Lumber Manufacturers’ 
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Association a large number of samples of wood are being studied. It is hoped that 
this table will aid in the preparation of more extensive tables in THE GUIDE. 


3. Study of Surface Coefficients for Various Types of Surfaces for Still and 
Moving Air—at the University of Minnesota and Pittsburgh. 


Professor Rowley is continuing the study of surface transmission coefficients 
for various types of surfaces, in the apparatus in his Laboratory designed for that 
purpose. Coefficients have been published for plain and painted wood, smooth and 
rough plaster, concrete, stucco, and glass surfaces. Data were also published showing 
the variation in these coefficients with mean temperature. 


A similar study of surface transmission coefficients is being made at the Research 
Laboratory in Pittsburgh in an apparatus designed by Mr. Harding in cooperation 
with the Laboratory while he was Chairman of the Technical Advisory Committee 
on Heat Transmission in 1928 and Chairman of the Committee on Research in 1929. 
The object of this study is not so much the determination of coefficients for use in 
practice as it is the study of factors influencing surface heat transfer. In this connec- 
tion a study was made during the latter part of last. year of wind velocity gradients 
near a surface for a wind blowing parallel to the surface. 


Surface transmission coefficients for a painted sand coat finish were determined 
early this year in the apparatus designed for this purpose. Considerable difficulty 
was met with in the operation of thé apparatus which together with the fact that the 
coefficient found for this surface was higher than had been used heretofore, resulted 
in lack of confidence in the findings, for two or three months, during which time a 
great many check tests and an analysis of the operation of the apparatus were made. 





Fic. 2—Apparatus Usep sy Proressor Rowtty ANp His AsSISTANTS AT THE 
UNIVERSITY OF MINNESOTA FOR MEASURING SURFACE TRANSMISSION HEAT FOR 
Sti_t AND MovinG AIR 
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Recently changes were made in the design of the apparatus after which additional 
tests were made on a painted, sanded surface and on a smooth, unpainted wood surface. 

The change in the design of the apparatus resulted in much more satisfactory 
operation and in economy in time and the coefficients of the smooth wood surface were 
found to check very closely similar data by other investigators. Extensive data have 
been collected showing the air velocity gradients parallel to the surface and the 
temperature gradients away from it for the apparatus as designed with a 12x12 in. 
duct and also when duct was reduced in size to 6x12 in. With these data and the data 
previously collected by the Laboratory on the wind velocity gradient away from a 
wall it is hoped that important relationships may be worked out. This apparatus was 
designed with a view of later separating the total heat loss from the surface for given 
surface and velocity conditions into heat loss by radiation and convection. 


4. Effect of Aging on the Conductivity of Concrete—at Pittsburgh. 


This study is being continued and tests were made during the past six months 
showing that the present change in conductivity is slow and the study can probably 
be discontinued, after another year. Tests in the future probably need not be made 
oftener than once in three months. The present test sample of concrete has been 
studied for 3 years during the first two of which the conductivity changed very 
materially verifying the contention of many heating contractors that this is a very 
important factor in heating a concrete building during the first two seasons. 


5. Heat Absorption from Solar Radiation—at Pittsburgh. 


A paper was presented at the Annual Meeting giving the results of the Labora- 
tory’s study of absorption of solar radiation by a wall or roof surface and the 
effect which angle, color, and temperature of the surface has on such absorption. 
- No plans are now perfected for continuation of the study. However, there appears 
to be some demand for additional determinations of the effect of solar radiation on 
heating problems. If additional studies of this nature are to be continued plans 
should be developed in the near future, so that the work can be undertaken during 
the summer months. 


6. Nicholls Heat Flow Meter. 


The Laboratory has discontinued its studies of heat transmission through actual 
building construction under natural weather conditions with the heat flow meters. It 
is, however, encouraging the use of these instruments for such studies by others 
and at the present time has lent several of these instruments to the Mellon Institute 
for use in a study of heat transfer through various types of brick and hollow tile 
wall construction. Some help in the way of advice and direction for applying the 
meters and collecting and analyzing the data has been given with a view of assisting 
in the use of the meters and with a further view of establishing additional data on 
additional types of walls which may be helpful in the Laboratory’s general study of 
heat transmission. Dr. Anderegg of Mellon Institute is in charge of these studies. 

Last year Mr. Nicholls, in cooperation with the Laboratory, made seven new 
Nicholls Heat Flow Meters. The immediate object in making these meters was to 
supply the University of Illinois with two for use in their study of a radiator testing 
room. These two meters were turned over to the University of Illinois early this 
year. As a result of acquiring the additional five meters the Laboratory has some 
of these available for distribution to other scientific laboratories interested in research. 
The Laboratory’s object in distributing these meters is two-fold: first, the encourage- 
ment of additional research on heat transmission, and second, the expansion of the 
use of the Nicholls Heat Flow Meter in heat transmission practice. 


7. Cooperation with the National Lumber Manufacturers’ Association. 


Professor Rowley and the Research Laboratory have perfected plans for coopera- 
tion with the National Lumber Manufacturers’ Association for the study of heat 
transmission through and conductivity coefficients of lumber and frame walls. This 
cooperation will greatly extend the activity of the Laboratory’s cooperative program 
with Minnesota as regards heat transmission. 
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III. INFILTRATION 
Technical Advisory Committee—G, L. Larson, Chairman, J. G. Shodron, M. S. Wunderlich, 
C. C. Schrader, J. E. Emswiler, D. S. Boyden. 


Most of the work in this investigation is being carried on by Professor Larson 
at the University of Wisconsin in cooperation with this Laboratory. A study was 
recently completed of air leakage through various types of brick walls. These walls 
are being kept for possible future investigation. The major activity of this study is 
now on frame walls in cooperation with the National Lumber Manufacturers’ Asso- 
ciation. This work is progressing very satisfactorily and a paper is presented at 
this meeting by Professor Larson on Infiltration Through Frame Walls. 


Periodic tests are being continued on the brick veneer and hollow tile and stucco 
wall in the two pieces of infiltration apparatus in the Laboratory at Pittsburgh. 
Results of these two walls should be available for publication during the !atter part 
ot this year. 


IV. Pipe Sizes ror Heatinc Systems 


Technical Advisory Committee—H. M. Hart, Chairman, F. E. Giesecke, R. C. Morgan, C. V. 
Haynes, S. E. Dibble. 


1. Capacity of Pipe for Various Parts of a Hot Water Heating System—at the 
Agricultural and Mechanical College of Texas. 


This study has been carried on by Professor Giesecke and his assistants at the 
Agricultural and Mechanical College of Texas for the past couple of years. A paper 
was recently given to the Society including a method of calculating pipe sizes for 
an entire hot water job. This method promises to give the designing engineer a 
consistent, straight-forward method of determining pipe sizes for hot water jobs 
similar to the method used for laying out steam heating systems. A great need has 
been felt for such a series of tables in the past and it is hoped that the results 
of the studies at Texas will fulfill this need. Plans are now being perfected for 
continuation or extension of the. hot water pipe size study at Texas. 

Professor Giesecke is now making a study of the use of orifices in hot water 
heating systems to insure proper distribution of heat to all radiators in a system. 
A paper on this subject is being presented at this meeting. 


2. Capacity of Pipe for Various Parts of a Steam Heating System—by the 
Research Laboratory at the Carnegie Institute of Technology. 


This general subject has been under investigation at the Laboratory in Pittsburgh 
or at Carnegie Institute of Technology since 1922 and a number of phases of the study 
have been completed, and the results have been published from time to time. During 
the past year the Laboratory has been working on the capacity of return risers and 
dry return mains for vacuum pump and gravity return systems. A large mass of 
data were collected during the heating season a year ago, which it was hoped would 
result in a conclusive paper on the subject. However, upon analyzing the data during 
the summer when steam and working conditions were not available, it was found that 
data were not sufficient to result in a conclusive paper on the subject and it was 
necessary to collect additional data under different conditions during the last heating 
season. As a result of the alterations in Professor Dibble’s laboratory, it was neces- 
sary to design and build additional features to the laboratory set-up in order to give 
the additional results desired. 


The main difficulties encountered in the study resulted from the fact that such 
return pipe have almost unlimited capacity provided the system is tight and no addi- 
tional radiation is turned on from which air must be eliminated through the returns. 
Whereas, with the addition of comparatively small volumes of air into the system due 
to leakage in a vacuum pump, job, or due to elimination of air from cold radiators 
these capacities are greatly reduced. Any conclusions regarding the capacity of return 
pipe must be based upon the quantity of air handled as well as the radiation supplied. 
Collection of data was continued during the early part of the present year. A paper, 
Capacity of Return Mains for Gravity and Vacuum Steam Heating Systems, was 
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Fic. 7—Set-Urp Usep sy THE ResEARCH LABORATORY AT 
CARNEGIE INSTITUTE OF TECHNOLOGY IN A Stupy oF Ca- 
PACITY OF RETURN PIPING IN STEAM HEatTING SYSTEMS 


presented at this meeting. The study is being continued and it is hoped that a paper 
on the capacity of return risers may be presented to the Society next winter. 
3. Study of the Use of Copper and Brass Pipe in Steam and Hot Water 
Heating. 

_ Through the untiring efforts of S. R. Lewis and his interest in the research 
activities of the Society, plans are being developed for cooperation between the 
Laboratory and certain copper and brass pipe and tubing manufacturers whereby a 
study will be made of the comparative carrying capacity of such pipe or tubing in 
steam and hot water heating systems. 








Fic. 8-—Lapsoratory Set-Up Usep sy PROFESSOR SEELEY AT 
YALE UNIVERSITY IN A Stupy oF METHODS oF TESTING On 
BURNERS IN BOILERS AND FURNACES 
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V. Arr CLEANING DEVICES 
Technical Advisory Committee—O,. W. Armspach, Chairman, Albert Buenger, H. C. Murphy, 
Philip Drinker, C. A. Booth. 


This study has been carried on during the one few years by Professor Rowley 
at the University of Minnesota in cooperation with the Research Laboratory. Little 
progress was made during the past few months, however, due to concentration of 
effort on the heat transmission studies. 





Fic. 9—Set-Up Usep sy Proressor Davies oF ARMOUR INSTITUTE IN COOPERATION 

WITH THE RESEARCH LABORATORY AND THE VENTILATING CONTRACTORS EMPLOYERS 

ASSOCIATION OF CHICAGO IN A STupy oF METHODS OF MEASURING AIR FLow THROUGH 
REGISTERS AND GRILLES 


VI. RapraTion 


Technical Advisory Committee—A. P. Kratz, Chairman, S. R. Lewis, R. S. Franklin, H. F. 
Hutzel, J. F. McIntire. 


The subject of methods of determining the heat emission from various types of 
radiation has been the most active on the Laboratory’s program during the past few 
months. The main reason for this activity is the desire on the part of the Heating 
and Piping Contractors National Association and others that the Laboratory make 
heat emission tests on a great many radiators, together with further demand from 
other groups that the Laboratory make additional studies on the heating effects of 
radiators in different designs of rooms. The interest in this study has not yet 
crystallized, however, into a concrete plan. 


VII. Garace VENTILATION 


Technical Advisory Committee—E. K. Campbell, Chairman, E. B. Langenberg, W. C. Randall, 
A. C. Davis, A. R. Acheson. 
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The subject cf garage ventilation was studied during the past winter by Dean 
Langsdorf of Washington University, St. Louis, in cooperation with the Research 
Laboratory. The object of the study was to develop information concerning accumu- 
lations of CO, gasoline vapors, and other obnoxious gases or vapors in any part of a 
garage in sufficient concentration to constitute a hazard to health of workers, or a fire 
or explosive risk. Also to determine the relative effect of various methods and rates 
of supplying and exhausting air in eliminating these hazards. A number of dis- 
appointments were met with in the study during the past year because of the lack of 
cold weather in St. Louis requiring closed doors in garages. However, considerable 
data of interest were collected and a paper on the subject was presented by Dean 
Langsdorf at this meeting. Plans for this study during the next year are now being 
made by Mr. Campbell’s Committee and it is probable that additional studies will be 
made next winter in a colder climate. 


VIII. Om Burnine Devices 


Technical Advisory Committee—L. E. Seeley, Chairman, H. F. Tapp, P. E. Fansler, H. R. 
Linn, J. H. McIlvaine, R. V. Frost. 


A study of operation of oil burners in heating systems and methods of testing oil 
burner-boiler and oil burner-furnace combinations is being made by Professor Seeley 
at Yale in cooperation with the Research Laboratory. This study has been under 
way for several months and valuable data are now being collected. As a result of 
these studies a short paper covering a very small phase of the work appeared in the 
May issue of the Journal and a progress report was given by Professor Seeley at the 
Chicago meeting of the American Oil Burner Association. 


IX. AtrmMospHERIC Dust AND SMOKE 


Technical Advisory Committee—A. S. Langsdorf, Chairman, E. V. Hill, H. C. Murphy, 
S. W. Wynne, O. W. Armspach. 


This study has been dormant for the past few months following the completion 
of the collection of the first year’s data by the U. S. Weather Bureau and the public 
health departments of the seven cities. Work is now being planned for a study to be 
made by Dean Langsdorf of Washington University in cooperation with the Research 
Laboratory. 


X. MEASUREMENT OF AiR Flow TuHrouGH REGISTERS AND GRILLES 
Technical Advisory Committee—S. R. Lewis, Chairman, J. J. Haines, John Aeberly, L. E. 


Davies. 


_ This study has been under investigation by Professor Davies of Armour Institute 
in cooperation with the Ventilating Contractors Employers’ Association of Chicago and 
the Research Laboratory for the past year. A report on the study was made by 
Professor Davies last winter which gave data on methods of measuring air flow 
through certain grilles of rather simple construction. Air flow through ornamental 
grilles is now being studied. 

Professor Rowley requested a brief progress report of the finances of the 
Research Laboratory, which was given by T. J. Duffield. 


In a verbal report, T. J. Duffield, the Executive Secretary of the Committee 
on Research, said that a survey of available sources for funds indicated ap- 
proximately $42,450 in sight at this time with the possibility of over $45,000, 
if some anticipated returns are made by organizations, who last year con- 
tributed $4,700, but who have made no commitment so far for 1930. 


These funds would meet an estimated budget of approximately $40,000 which 
was an increase of $4,000 over the budget prepared by the Committee on Re- 
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search, made necessary to meet the expense of travel and secretarial service 
required in the office of the executive secretary. 

It was indicated that more money would be required to meet the program 
of additional work which has been visualized for the Research Laboratory. 

Up to the present time pledges for $8,300 have been received, which is 
approximately $2,000 under last year’s collections, but $3,850 had come in on 
funds previously pledged. To this might be added that the contribution from 
the Heating and Ventilaitng Exposition in Philadelphia which has been in- 
creased from the original $5,000 by $477. 

So far the heating and ventilating industry has contributed $13,070 to sup- 
port the research work which is very fair under existing conditions, but it is 
hoped that these figures can be raised considerably. 

It is a matter of interest that ten organizations have made pledges for more 
than one year, so that some money can be counted on for next year’s work. 

The speaker also referred to the contributions made several years ago by the 
Illinois Chapter to go toward the Research Endowment Fund, so that now 
$600 is on hand. 

In conclusion Mr. Duffield said, “Of course, it had been realized for a long 
time that we did not want to continue to solicit funds in industry if we could 
raise money to support our work in any other more dignified way. It was be- 
cause of that feeling that impetus was given to this movement in the Illinois 
Chapter. We have counted on the possibility of soliciting funds among some 
of the philanthropic organizations who always want to aid in good work. I 
happen to have been associated at one time or another with two of them and 
I know that they would be sympathetic towards the sort of work we are doing 
in our Laboratory, but I felt that before we took our pleas to them, it might be 
a good idea to build up the Research Endowment Fund from within the Society. 

“The methods of doing this must come up before the Committee on Research 
and the Council before anything definite is done, but you should bear in mind 
that we would like to build the fund up to dignified proportions so that we 
might then go to the philanthropic organizations and tell them that in addition 
to the great sum that the Society is contributing toward the support of our 
current program each year, we have also a Research Endowment Fund of 
sizable proportions from which we receive income, and we would like to have 
additions to it.” 

In commenting on the report, W. T. Jones, Boston, proposed a vote of 
thanks to C. F. Roth of the International Exposition Co. for the additional 
contribution to the research fund which resulted from the recent Heating and 
Ventilating Exposition in Philadelphia. The motion was seconded and unani- 
mously carried. 

E. C. Evans, Los Angeles, Cal., said that it was easy to “sell” the Society 
to Engineers, and pointed out that some addition to our funds would result 
from the initiation fees and dues paid by recent applicants for membership, who 
would form the nucleus of a fine chapter on the Pacific Coast. 


President Harding said that he had listened to many reports from chairmen 
of the Committee on Research, and expressed the belief that the present report 
was the best that had ever been given. He said he did not believe the member- 
ship of the Society fully appreciated the value of the research department, 
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This is, he pointed out, the only engineering organization in the world that 
maintains its own research department, a committee on research or a research 
laboratory. When talking about it with other engineers, civil, mechanical and 
electrical, etc., they seem to be amazed that this organization maintains such a 
department. Research in reference to the vital characteristics of the air is of 
the utmost importance to this Society and some other organizations. In con- 
clusion he said, “We delight in giving our renowned scientists praise for the 
discovery of the so-called structure of the atom and yet to a layman it appears 
strange that we do not know what are the vital characteristics of the air. To 
my mind this is the most important piece of research that the Society has 
before it. It may and will probably take years to finish and will require the 
cooperation of physicists and physicians. No other organization I believe, 
has arranged any research program covering the subject. We are on our 
way. Philip Drinker at Harvard is now studying the ionization of the air. 
I haven’t any doubt that we will find funds forthcoming to carry on the work 
from other scientific and engineering societies as well as philanthropic organ- 
izations.” 

The report of the Technical Advisory Committee on Oil Burning Devices, 
of which L. E. Seeley is chairman, was presented by Prof. F. B. Rowley, 
chairman, Committee on Research, as follows: 


Report of the Committee on Oil Burning Devices 


The chairman wishes to report that since the last meeting of the Society at 
Philadelphia in January, 1930, much laboratory testing has been done. A test pro- 
cedure was developed comprising seven types of tests for each combination of boiler 
and oil burner. This was all explained in a progress report made on April 11 at the 
meeting of the American Oil Burner Association in Chicago. This report was 
later published in the May issue of the Society’s Journal. Four sets of the tests 
being run were included in the report by way of example. 

Since that time more testing of the same nature has been done and the present 
program is about 60 per cent completed. The work will have to cease during the 
summer and be resumed in the fall. It is expected that this particular project will 
reveal operating characteristics of various types of oil burners and boilers. 

Incidental to the program of testing is the matter of conducting a test, making 
measurements, etc. This will eventually call for a test code suitable for a combina- 
tion of an oil burner and a heating boiler. Considerable work has already been done 
in this direction and it is the hope of the chairman that the Society will wish to 
have such a code. The value of the present work being done by the Committee 
besides all work of this general nature will be enhanced if a standard test code 
is approved. 

Respectfully submitted, 
L. E. SEe.ey, Chairman. 


In the absence of H. M. Hart, chairman of the Technical Advisory Com- 
mittee on Pipe Sizes, F. C. Houghten, Director of the Research Laboratory, 
gave the following progress report: 


Report of Committee on Pipe Sizes 


The Research Laboratory has been making a study of pipe sizes for steam and 
hot water heating systems for the past several years. The work on capacity of pipe 
for various parts of a steam heating system has been carried on at the Laboratory in 
Pittsburgh or by the Laboratory staff at the Carnegie Institute of Technology. 
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From time to time progress on various phases of this study has been presented 
to the Society, and the results have found their way into the development of the 
Steam Heating Pipe Size Chapter of the Guide, so that this Chapter of the Guide 
today, is perhaps, more completely based upon the findings of the Laboratory than 
any other. 

The Laboratory has covered, so far, all phases of the work dealing with the 
supply side of the system and is now studying return pipe sizes for steam heating 
systems. 

At this time there is being presented a paper resulting from the study of capaci- 
ties of dry return mains and within the next few months the Laboratory hopes to 
present its findings on the capacity of return risers which will complete all phases 
of the study originally outlined. 

The Laboratory’s work on capacity .of pipe for hot water heating systems is 
being carried on by Professor Giesecke at the Agricultural and Mechanical College 
of Texas in co-operation with the Laboratory. Satisfactory progress has been made 
in the development of practical and usable tables for laying out hot water heating 
systems. However, it is not felt that the ultimate success to be desired in this 
direction has been attained. In continuing this study Professor Giesecke is now 
presenting a paper on the resistance of flow through orifices and the application of 
such orifices to the proper proportioning of a system. 

Respectfully submitted, 
H. M. Hart, Chairman. 


A report of the Nominating Committee was given by Professor Larson, 
chairman, and the nominees to be voted on at the annual election were as 
follows: 

President, W. H. Carrier, Newark, N. J. 

Ist Vice-President, F. B. Rowley, Minneapolis, Minn. 

2nd Vice-President, W. T. Jones, Boston, Mass. 

Treasurer, F. D. Mensing, Philadelphia, Pa. 

Members of Council (for 3 year term): Roswell Farnham, Buffale, N. Y., 
E. Holt Gurney, Toronto, Ont., E. K. Campbell, Kansas City, Mo., E. O. Eastwood, 
en _— D. S. Boyden, Boston, Mass. (for unexpired term of Alfred Kellogg, 
resigned). 


W. T. Jones, in expressing his appreciation to the Minnesota Chapter, pro- 
posed the following resolutions for consideration: 


Resolved, that it is the sense of this meeting that the Committees representing 
the Minnesota Chapter handling registration, reception, hotel accommodations 
and entertainment for this Summer Meeting, have anticipated our every want 
and that we feel highly repaid for making this trip to their beautiful cities. 

Resolved, that we extend to the Hostesses of the Minnesota Chapter our 
sense of appreciation, for the graceful and bountiful manner in which our ladies 
have been entertained. 

Resolved, that we extend to the Management of the Curtis Hotel our thanks 
and appreciation of the excellent service rendered and the pleasant accommoda- 
tions they have provided for our comfort during our stay in the Twin Cities. 

Resolved, that we extend our appreciation for the splendid cooperation received 
from the technical and daily press in connection with this meeting just 
terminated. 

Resolved, that we express our appreciation to the Chicago, Milwaukee, 
St. Paul and Pacific Railroad for the wonderful accommodations provided on 
the Pioneer Limited for our trip from Chicago and for the excellent repasts 
provided under the masterful direction of George Rector. 


President Harding inquired if there was any unfinished business or new 
business before adjourning the meeting. 
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PROGRAM 36TH SEMI-ANNUAL MEETING 


AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


Curtis Hoter, MINNEAPOLIS, MINN. 
June 24-27, 1930 


TECHNICAL 
Tuesday, June 24 


Registration, Curtis Hotel 

Greeting by E. A. Jones, President Minnesota Chapter 

Response by President L. A. Harding ; 

Report of Committee on Meeting Programs, A. C. Willard, Chairman 
Control Equipment for Gas Burning Heating Appliances, by W. E. Stark 
Economic Use of Steam in Modern Buildings, by F. A. Gunther 
Report of Guide Publication Committee, D. S. Boyden, Chairman 


Wednesday, June 25 


Report of Committee on Research, F. B. Rowley, Chairman 

Report of Director of Research Laboratory, F. C. Houghten 

Surface Conductances as Affected by Air Velocity and Character of 
Surface, by F. B. Rowley, A. B. Algren, and J. L. Blackshaw 

Wall Surface Temperatures, by A. C. Willard and A. P. Kratz 

How Comfort Is Affected by Surface Temperatures and Insulation, by 
Paul D. Close 


Thursday, June 26 


Report of Committee on Oil Burning Devices, L. E. Seeley, Chairman 

Report of Committee on Pipe Sizes for Heating Systems, H. M. Hart, 
Chairman 

Capacity of Return Mains for Gravity and Vacuum Steam Heating 
Systems, by F. C. Houghten and Carl Gutberlet 

Loss of Head in Submerged Orifices, by F. E. Giesecke 

Air Infiltration Through Various Types of Wood Frame Building Con- 
struction, by G. L. Larson, D. W. Nelson, and C. Braatz 


Friday, June 27 


The Application of Air Conditioning to Premature Nurseries in Hos- 
pitals, by C. P. Yaglou, Philip Drinker and K. D. Blackfan (Presen- 
tion by W. H. Carrier). 

Report of Committee on Garage Ventilation, E. K. Campbell, Chairman 

Carbon Monoxide Concentartion in Garages, by A. S. Langsdorf and 
R. R. Tucker 


Report of Committee on Air Cleaning Devices, O. W. Armspach, 
Chairman 


Report of Nominating Committee 


ENTERTAINMENT 
Monday 
Headquarters, Reception Committee—LaSalle Hotel, Chicago, Illinois 
Reception of Guests by Committee—Curtis Hotel, Minneapolis, Minn. 
Tuesday 


Curtis Hotel 
Registration—Lobby floor 
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9 :30 A.m.—12 :30—Technical Session—Ball Room, Curtis Hotel 

11:30a.m. Luncheon for Ladies 

2:00 p.m. Sightseeing and Inspection (Twin Cities and University of Minnesota 
Engineering Laboratory, Plant of Minneapolis—Honeywell.) 

7:00p.m. Council Dinner and Meeting 

8:30 p.m. Informal Reception and Dance, Curtis Hotel Ball Room 


W ednesday , 


9:30 a.M.—12 :30—Technical Session—Ball Room, Curtis Hotel 

10:30 a.m. Ladies’ Shopping Tour 

2:00r.m. Golf Tournament—Minneapolis Automobile Club. (Research Cup) 
Ladies’ Golf Match—Automobile Club 
Bridge and Tea for Ladies—Automobile Club 


7:00pr.m. Informal Dinner for Members and Ladies 


Thursday 
9 :30 a.M.—12 :30—Technical Session—Ball Room, Curtis Hotel 
1:30p.m. Garden Party for Ladies 
2:00 p.m. Golf Meet (Kicker’s Handicap)—Thorp Country Club 
7:00r.m. Semi-annual Banquet and Dance—Curtis Hotel Ball Room 

Friday 

9 :30 a.M.—12 :30—Technical Session 
12:30r.m. Hostess Luncheon ior Ladies 


CoM MITTEES 


General Arrangements Committee: Entertainment Committee: H. E. Gerrish, 
A. Buenger, Chairman, H. E. Gerrish, Chairman, H. H. Bradford, C. G. Bur- 
A. J. Huch, F. B. Rowley, H. J. ritt, A. J. Huch, R. B. Mosher 
Sperzel, W. F. Uhl, A. M. Wagner 

Reception and Registration Committee: iat 
F. B. Rowley, Chairman. N. D. Adams, ne. E 
W. B. Clarkson, S. A. Challman, G. A. ee 
Dahlstrom, Charles Foster, E. B. Gor- Publicity Committee: A. J. Huch, Chair- 
o, Jr. C. E. Hasey, L. C. Hanson, man, C. E. Gausman, C. E. Hill, Fred 
E. F. Jones, J. V. Martenis, A. H. Shernbeck, E. J. Uhl 

Probst, A. L. Sanford, M. S. Wun- 


Finance Committee: A. M. Wagner, 
*. F. Jones, G. C. Morgan, 


derlich Golf Committee: H. J. Sperzel, Chair- 
Hotel and Transportation Committee: DC a Forfar, J. B. Harris, 


W. F. Uhl, Chairman, J. H. Brown, : 
E. J. Burns, M. H. Bijerken, H. G. Ladies and Hostesses Committee: Mrs. 
Helstrom, W. N. Parks, F. C. Winterer F. B. Rowley, Chairman 
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APPLICATION OF AIR CONDITIONING TO 
PREMATURE NURSERIES IN HOSPITALS 


By C. P. Yactou* (MEMBER), Putitie Drinker” (MEMBER) anv K. D. 
BLackFAN’ (NON-MEMBER), Boston, Mass. 


study at the Infants’ Hospital (Boston) the growth and development 

of premature infants under accurately controlled air conditions. The 
results indicate that mechanical air conditioning can be applied with particular 
success in the institutional care of premature infants. 


Lane: the past four years, the authors have had an opportunity to 


The purpose of this paper is to discuss from the engineer’s point of view the 
air conditioning requirements for such nurseries, as these conditions have been 
determined in this study, and to suggest the types of mechanical equipment 
suitable for such installations. The medical aspects of the work will be dis- 
cussed in detail elsewhere. 


NATURE OF THE PROBLEM 


A premature infant is taken to mean any infant born between the sixth and 
ninth month of foetal age. These infants are small, weighing between 1% 
and 5% lb, and the majority of them require special treatment if they are to 
survive. In the same category, so far as hospital care is concerned, are the 
congenitally diseased and other debilitated infants.‘ 

The condition of first importance in the care of such infants is the conserva- 
tion of body heat and energy, for their vital organs are not completely developed. 
The metabolism, or internal heat production, is low compared with that of 
full term, normal infants; moreover, the heat loss is greater than that of 
normal infants on account of wrinkled skin surfaces and absence of fat deposits 
in the skin. These facts explain the gradual decline in body temperature after 
birth, a condition which often persists unless external heat is applied. Inade- 
quate functioning of the heat regulating mechanism in prematures may result 
in low or in high body temperatures, or, again, in wide fluctuations between 
the two, depending on the environmental temperature conditions. Wide fluc- 
tuations in temperature sometimes prove fatal, since they call on more reserve 
energy than the premature infants possess. In short, premature infants gen- 





a Assistant Professor of Industrial Hygiene, Harvard School of Public Health. 

b Assistant Professor of Industrial Hygiene, Harvard School of Public Health. 

c Professor of Pediatrics, Harvard Medical School. 

d Congenitally diseased or sick premature infants are those who suffer from congenital 
anomalies, birth injuries, and acute or chronic infections. 

Presented at the Semi-Annual Meeting of the American Society or HEeatinc AND VEN- 
TILATING EncGineers, Minneapolis, Minn., June, 1930. 


383 





at om ee 





384 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


erally exhibit marked inability to maintain a normal body temperature by their 
own efforts and they show little resistance to infections, especially respiratory 
infections. The mortality rate exceeds 50 per cent and has two peaks, one 
occurring in cold weather and the other in excessively warm and humid weather. 
Success in the treatment of premature infants depends mainly on four fac- 
tors: (a) stabilization of body temperature, (b) proper nutrition, (c) nursing 
care, and (d) prophylaxis against infection. The importance to these infants 
of adequate ventilation—sufficient air changes without drafts and the mainte- 
nance of optimum temperature and humidity conditions—is demonstrable. 


PresENtT MetuHops oF CONTROLLING Bopy TEMPERATURE IN PREMATURES 

The usual methods employed for controlling the body temperature of pre- 
mature infants are the use of heated beds, electric pads, and electric incubators 
and the application of plenum systems of heating and ventilation. Hess! gives 
an excellent review of the history and development of these methods. The 
failure to offer a satisfactory solution of the problem of heat regulation in 
prematures would appear, in the light uf the present study, to be largely ex- 
plained by an insufficient knowledge of the air conditioning requirements and 
by inability to control the air conditions to the desired degree. In other words, 
although the importance of air temperature has been generally appreciated, 
the direct effects of humidity and rate of air change upon body temperature, 
with their indirect effects on nutrition, growth, infection, etc., have not been 
fully understood. Most of the methods now in use have failed to fulfill the 
environmental needs of premature infants on account of limited air space, 
inadequate ventilation, insufficient humidification in winter, and lack of facilities 
for cooling and hehumidifying the air in warm weather. Where mechanical 
ventilation is used, there is a tendency to fix the temperature of a single room 
at 80 F, regardless of humidity and of the individual requirements of the 
infants. These mechanical systems, too, are rarely equipped to provide cooling 
and dehumidification of the air in warm weather. The necessity for such provi- 
sion is clearly illustrated by the work of Dodd and Wilkinson’, who discuss the 
relation between excessive summer heat and obscure fevers in infants. 


Air CONDITIONING REQUIREMENTS IN PREMATURE NURSERIES 

From the foregoing discussion, it will be evident to the ventilating engineer 
that the general requirements for premature nurseries can be met most satis- 
factorily by the use of a central system of air conditioning which includes 
cooling as an essential part of the general equipment, even though the latter 
may be needed for only a month or two each year. Refrigeration is usually 
available in hospitals at small expense, since most modern establishments are 
equipped with brine circulating systems. 

Humidification of the air in premature nurseries by means of steam humidi- 
fiers, hot water pans, or mechanical atomizing devices inside the rooms and 
dehumidification in warm weather by means of calcium chloride have proved 
quite ineffectual. 

In the air conditioned nurseries of the Infants’ Hospital, a ventilation rate 
of 25 air changes per hour was required to keep the room atmosphere free of 
odors® and to maintain the desired temperature and humidity conditions. An 


1, 2See Bibliography. , ‘ 
e These odors emanate chiefly from loose and frequent stools and vomitus common among 
prematures., 
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gBLE 1—Arr CONDITIONING REQUIREMENTS OF Seinen INFANTS AT INFANTS’ 
HospPitTaL _(Boston), 1926- 1929 
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air movement of about 15 fpm over the beds, as measured by the kata-ther- 
mometer, proved satisfactory. 


It is perhaps unnecessary to point out that neither the comfort zone nor the 
effective temperature index determined for adults at the Research Laboratory 
of the Society®, hold for these infants, who differ so much from normal adults 
in their metabolic and circulatory functions and in the development of their 
sweat glands. 

The preliminary survey showed that the temperature requirements of pre- 
mature infants vary widely according to their general condition and their body 
weight. The amount of clothing worn and the humidity of the air are also 
of importance. Accordingly the infants were classified into two main groups: 
(a) the normal premature and (b) the congenitally diseased infants. Each 
main group was divided into sub-groups according to body weight, as shown 
in Table 1. The clothing worn consisted in general of a shirt, a diaper, and 
a flannel jacket; the bedding of two light woolen blankets and a spread. The 
temperature and humidity requirements for the various groups were deter- 
mined experimentally over a period of four years (1926 to 1929) by so ad- 
justing the temperature conditions in two adjoining rooms and in electric 
incubators that fluctuations in body temperature were minimized. 


From observations on body temperature, gain in weight, incidence of diar- 
rhea, mortality, and general behavior of the infants under various humidity 
conditions, a relative humidity of 65 per cent was adopted. When humidities 
as low as 30 per cent (a considerably higher value than that prevailing in un- 
conditioned nurseries during cold weather) were maintained for two weeks or 
longer, the body temperature became unstable, gains in weight diminished, the 
incidence of diarrhea increased, and mortality rose. Continuous exposure to 
air conditions with 55 to 65 per cent relative humidity, on the other hand, gave 
very satisfactory results over a two-year period (1928 and 1929). It is of 
interest to notice that the relative humidity of 65 per cent which was adopted 
as the optimum for prematures is in close agreement with the humidity con- 
ditions recommended by Huntington® for adults of the white race. 


The temperature requirements for normal prematures (Table 1) varied from 
a minimum of 75 F to a maximum of 88 F. As will be seen from the same 


%, 4,6 See Bibliography. 
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table, the temperatures required by the congenitally diseased group aiTjr 
various to make group treatment practicable; these infants were therefore «ry 
for individually in electric incubators placed inside the larger nursery, wr je: 
the surrounding air was kept at a relative humidity of 65 per cent. The te. -- 
perature requirements of the normal prematures varied over a range of 13 1’, 
as compared with a range of 24 F for the congenitally diseased infants. 

A more thorough discussion of the methods employed in determining the air 
conditioning requirements and of the physiologic data secured under various 
air conditions will be published elsewhere. 

Table 2 shows how a single central apparatus, furnishing conditioned air at 
64 F dew-point to two nurseries, was made to meet the requirements of all the 
infants. Normal prematures weighing 1.5 to 3.5 lb were cared for in the 
smaller nursery in an atmosphere of 80 to 85 F and a relative humidity of 50 
to 59 per cent. The larger group of normal prematures—those weighing from 
3 to 4.5 lb occupied the larger nursery where the temperature was 77 F and 
the relative humidity 65 per cent. The special requirements of certain infants 
within each group were met by the use of hot water bottles and by varying 
the amount of clothing worn. As soon as the infants reached a weight of 5 Ib, 
they were removed to the wards. 

On account of the limitations of the air conditioning equipment, the relative 
humidity in the smaller nursery has necessarily been somewhat below 65 per 
cent, depending on the temperature of the room. Arrangements are now being 
made, however, to install auxiliary apparatus which will raise the relative 
humidity in this nursery also to the 65 per cent desired. 

Since the number of congenitally diseased infants to be treated at any one 
time is small, they can be cared for in individual electric incubators, placed 
inside the larger nursery with tops open, and the heat adjusted according to 
requirements. Temperatures as high as 100 F are sometimes temporarily 
employed. In this way, the infants breathe the comparatively cool room air 
at about 65 per cent relative humidity and the attending doctors and nurses are 
not subjected to extreme temperature conditions. 


TABLE 2—AtIr CONDITIONING SCHEDULE ADOPTED FOR PREMATURE NURSERIES OF 
INFANTS’ Hospitat (Boston) 

















lassificati Weight Tem- Relative Air 
Geen Groups perature | Humidity |} Movement Method of Treatment 
Lb. F Per Cent pm 
Congenitally  dis-| 1.5-5.0 | (86-100)* Tt 15 Infants placed in open top incubators 
eased and mal- inside large mursery and_ heat 
formed infants gradually adjusted according to 
requirements. 
Normal Infants placed in small room and 
prematures:....| 1.5-3.4 80-85 59-50 15 room temperature adjusted ac- 
cording to requirements. Hot 
water bottles (110F) used in 
special cases. 
3.5-4.9 77 65 15 Infants placed in large nursery. 
Hot water bottles (100F) used 
sparingly in special cases. 
5.0 and 70-74 Ward Ward |With exception of definite cases of 
over hypothermia, infants are removed 
to wards. 




















* Incubator temperatures taken between basket and metal wall. 
ft Infants breathe cool room air at about 65 per cent relative humidity. 
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Since June, 1927, the procedure outlined in Table 2 and described in this 
paper has been followed with very satisfactory results. Stabilization in body 
temperature was associated with reduction in the incidence of diarrhea and in 
the general mortality. Infections were reduced to a minimum and gains in 
body weight increased. These striking benefits are to be attributed not only 
to improved air conditions but also to advances in medical treatment and to 
improvement in nursing and general care. It is fair to conclude, however, that 
the introduction of mechanical air conditioning has proved a distinct advance 
in the care and treatment of premature infants. 


Tue Air ConpITIONED NURSERIES AT THE INFANTS’ HospiTaL 
(Boston ) 


General Specifications and Recommendations for Future Installations: The 
nurseries consist of two adjoining rooms 12 ft x 8 ft x 12 ft and 12 ft 
x 12 ft x 12 ft, the last dimension being the height. Both rooms are equipped 
with double windows. At the time the air conditioning system was installed, 
the larger room was partitioned into cubicles and the partitions were allowed 
to stand, since they did not interfere with ventilation. 

The system was originally designed for 45 air changes per hour in each 
room, with provision for reducing the air changes to 20 per hour by means of 
variable speed fan-motors. Later it was found that the actual requirements 
were only 25 changes per hour, so that it was possible to add a third room to 
the system thus making use of the full capacity of the air conditioning apparatus. 
This new room, measuring 11 ft x 20 ft x 9 ft is used as a special observa- 
tion nursery for full term infants suffering from such ailments as fever, diar- 
rhea, and other gastro-intestinal disturbances. 

The apparatus has sufficient capacity to maintain the three rooms at a max- 
imum temperature of 110 F with a maximum dew-point of 80 F, when all the 
air is taken from out of doors at 0 F. In summer, the rooms can be cooled 
to 75 F and the dew-point lowered to 60 F when the outdoor dry-bulb does 
not exceed 95 F and the wet-bulb 75 F. 

By referring to Table 2, it can be seen that the maximum winter conditions 
for which the apparatus has been designed are needlessly high, and that it 
would be adequate to design such systems in the future for temperature of 
90 F and 80 F in the smaller and larger rooms respectively, and for a dew-point 
of 70 F. The refrigeration capacity of the equipment happens to be quite close 
to the actual requirements, as shown in Table 2. No recirculation allowance 
should be made in the design of such systems. 

Description of Apparatus: The installation at the Infants’ Hospital consists 
of an individual supply system for furnishing conditioned air to the three 
nurseries and of an individual exhaust system for withdrawing air from the 
rooms. The conditioning apparatus is located in the basement. 

The supply system consists of the following: 

(a) Outdoor air intake, containing a weather-proof hood and a screen. 

(b) Light weight copper tempering coils, controlled thermostatically. 

(c) A dehumidifier of the horizontal mist spray type for humidifying the 
air in winter and for cooling and dehumidifying the air in summer. 
Humidification in winter is accomplished by means of a closed type 
water heater which warms the spray water. In summer the spray water 
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is cooled in a Baudelot cooler, on top of which the dehumidifier is 
mounted. A centrifugal pump circulates the spray water. 

(d) A supply fan, which draws the air through the dehumidifier and, forces 
it through the rooms. 

(e) Individual light weight copper reheaters, controlled thermostatically, 
for warming the air to the temperature desired at the room inlet registers. 

(f) Individual supply ducts, fitted with dampers and registers, near the 
ceiling of the rooms for even distribution of the air inside the room. 

The exhaust system consists of the following: 

(a) Individual exhaust ducts, fitted with dampers and registers, near the 
floor of the rooms for withdrawing the used air from the rooms. 

(b) Exhaust fan to which the individual exhaust ducts from the rooms are 
piped. 

(c) Recirculating ducts for recirculating part of the air at the inlet side of 
the dehumidifier. 


(d) Main exhaust outlet duct which discharges the used air out of doors. 


The Central Apparatus: The dehumidifier is of standard construction. It 
is made of galvanized iron and has the following dimensions: width and height, 
2 ft 0 in.; length, 9 ft 0 in.; over-all height, including tanks, 3 ft 0 in. A 
spray system of 27 sprays is arranged in three banks, two of which spray 
in the direction of the air flow and the third against it. 


The water ‘circulating system consists of a centrifugal pump having a rated 
capacity of 40 gpm at 20-lb pressure at the pump discharge. 


The water heater is of the closed type. It is capable of warming 40 gal of 
water per minute through a maximum of 10 F with steam at 5 lb pressure. 
Originally the water heater was equipped with a water by-pass and a three-way 
diaphragm valve for the control of humidity by the wet-bulb temperature 
method, but this arrangement proved to be unsatisfactory for our purpose and 
is no longer used. 


The Baudelot cooler is 2 ft wide by 4 ft high by 15 ft long. The cooling 
coils are made up of 2 in. wrought iron pipes, black on the inside and galvanized 
on the outside. They are arranged in.two vertical rows, each 8 pipes high 
and about 10 ft long. The flooding troughs, made of galvanized iron, are of 
the saw-tooth adjustable type and extend over the entire length of the coils. 
The refrigerant is brine at about 12 F, which is taken from the main brine 
circulating system of the hospital. Under our operating conditions, the re- 
frigeration capacity is about 7 tons. 


The fans are of the multivane type, direct connected to variable speed d-c 
motors, by means of which their speed may be varied between 600 and 300 rpm. 
The capacity of the supply fan at 600 rpm is about 2,000 cfm when it operates 
against a static head of about 0.7 in. of water. The capacity of the exhaust 
fan at the same speed is about 1,500 cfm at 0.15 in. static pressure. According 
to the authors’ experience, both supply and exhaust fans should have the same 
capacity and should not be direct connected on extended motor shafts. 


Fig. 1 shows a general view of the central air conditioning apparatus. 


System of Duct Work: The supply ducts extend across the entire length of 
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the rooms on an interior wall, at a height of 8.5 ft from the floor. Air dis- 
tribution is secured by means of adjustable louvre registers, spaced along the 
face of the ducts about 2 ft on centers. The conditioned air is blown across 
the rooms directly against the exposed walls and glass, which constitute the 
cooling surfaces in winter and the warming surfaces in summer. 

After circulating across the rooms, the air is withdrawn near the floor by 
means of exhaust ducts, which are similar in all respects to the supply ducts. 
Figs. 2 and 3 show the general arrangement of the supply and exhaust duct 
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Fic. 1—CrentTrAL Arr CONDITIONING APPARATUS 


system in the two premature nurseries. They also show the cubicles, beds, 
supply closet, etc. 

Some difficulty was experienced in distributing the air uniformly inside the 
rooms so as to secure an air movement of about 15 fpm, as measured by the 
kata-thermometer, in the zone occupied by the infants. This was finally accom- 
plished by reducing the air changes from 45 to 25 an hour and by adjusting 
the louvres of the registers so as to deflect the air toward the ceiling and 
thence against the windows. 

The reduction in the number of air changes from 45 to 25 an hour has con- 
siderably diminished the air noise in the ducts. According to the authors’ 
experience, both supply and exhaust risers for such systems should be designed 
for air velocities of 450 fpm or less, according to the size of the ducts. 


Temperature Control: The problem of temperature control has been a most 
difficult one, because premature infants seem to be more sensitive to temper- 
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ature changes than are the majority of the regulators which were tested. The 
small size of the rooms adds to the difficulty. 

In addition to the size of the room and. the type of regulator used, accuracy 
in temperature control was found to depend upon location of thermostats, veloc- 
ity of air over the thermostats, rate of air change in rooms, type and amount 








Fic. 2—Suppty aANp ExuaAust Ducts 1n LARGER PREMATURE 
NURSERY 


of heating surface controlled, type and size of controlled valve, and weather 
conditions. Some of the results secured with different regulators have been 
published elsewhere.® According to these data, sling psychrometer readings 
showed that the temperature fluctuations in the rooms ranged from a minimum 
of 2.9 F to a maximum of 8.9 F, depending upon the type and location of the 
thermostat. 

The best regulation was secured by means of a gas filled capillary coil bulb, 
made of fine copper tubing 60 ft long, which limited the fluctuation to 2.9 F. 
After about a year’s operation, however, corrosion inside the copper tubing 
stopped up the capillaries of the instruments and it was necessary to replace 


®See Bibliography. 
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them with %4-in. copper bulbs about 30 in. long. These bulbs are not as sensi- 
tive as those of the capillary type, but they are much more dependable. They 
are exposed inside the exhaust ducts in the region of maximum velocity, where 
they work best. The operating mechanisms of the thermostats are mounted 
on the wall just outside the nurseries and connect with the bulbs by means of 
armored flexible tubing. These thermostats control the steam diaphragm valves 
on the reheaters by the medium of compressed air. With this arrangement, 





Fic. 3—Suprty Duct In SMALLER PREMATURE NURSERY 


it is possible to control the room temperature within a range of 3.5 F, as 
recorded by the sling psychrometer. 

In a more recent installation the temperature fluctuation was reduced to 
about 2.5 F by the judicious choice of regulators and diaphragm valves. 


Humidity Control: The control of humidity by the wet-bulb temperature 
method was unsatisfactory for this particular installation, because the wet-bulb 
temperature in the rooms varied as much as 6 F and the system was loaded 
with many automatic devices, which required constant attention. 

By rearranging the regulators and valves and by eliminating superfluous 


pieces of apparatus, the authors were able to use a central dew-point control, 
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which proved much superior to the former system. In this modified system, 
the dew-point regulator is placed in the path of the air leaving the dehumidifier. 
In winter the regulator controls the supply of steam to the water heater by 
means of compressed air and thus warms the spray water as desired. In 
summer the regulator controls a three-way valve on the suction side of the 
water pump. One side of this valve connects to the pump itself, another side 
to the refrigerated water in the Baudelot cooler tank, and the third side to the 
warm water in the dehumidifier tank. The desired dew-point is maintained 
automatically by mixing the right proportion of cold water from the cooler 
tank with warm water from the dehumidifier tank. When the dew-point of the 
air leaving the air washer drops slightly, the regulator partially closes the 
cold water port of the three-way valve and opens the warm water’ port suffi- 
ciently to raise the temperature of the spray water to the required degree. 
lf the water in the dehumidifier tank is not warm enough to secure the dew- 
point for which the regulator is set (under this condition, the warm water 
port is wide open and the cold water fully closed) the steam diaphragm valve 
on the water heater is automatically opened to raise the temperature of the 
spray water. The tension of the springs in the three-way valve and the heater 
valve is adjusted in such a way that little attention to hand valves is required. 
The water in the cooler tank is automatically maintained at about 59 F by 
means of a water thermostat controlling the brine valve to the cooling coils. 


Dry- and Wet-Bulb Temperature Recorders: Continuous and permanent 
records of the dry- and wet-bulb temperatures of the air in the rooms are 
secured by means of automatic recorders of the remote type, which are mounted 
on the wall just outside the nurseries. The thermostatic bulbs of these instru- 
ments are exposed inside the exhaust ducts in the current of air leaving 
the rooms where their sensitivity is increased considerably by the air movement. 
It was found that the condition of the air in this region represented quite closely 
the average condition of the air in the rooms. 


OPERATION OF APPARATUS 

In winter the incoming air is warmed automatically by the preheater to about 
65 F. In passing through the spray chamber, the air absorbs a sufficient 
amount of moisture to saturate it at a temperature somewhat higher than the 
dew-point of 64 F at which the rooms are kept. The difference between the 
dew-point at the apparatus and that in the rooms represents the loss of moisture 
by absorption and diffusion through the walls of the rooms. In order to 
compensate for this loss, the dew-point of the air leaving the dehumidifier is 
increased systematically 1 F each month beginning in October, until it reaches 
a maximum value of 68 F in January, the coldest month in Boston. Beginning 
in February, the dew-point is gradually reduced 1 F each month until May, 
when it is brought back to 64 F. From May to October, the dew-point in the 
rooms is practically the same as that at the apparatus, except during short 
periods of extreme weather. 

During the heating season, the reheaters warm, the air to whatever tempera- 
ture is demanded by the room thermostats. Since no direct radiation is used 
in the rooms, the ventilating current must furnish sufficient heat to balance 
all the heat losses and to maintain the rooms at the desired temperature. This 


is accomplished with a maximum drop of about 10 F in the temperature 
of the ventilating current. 
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In summer the warm and humid air from out of doors is cooled and de- 
humidified to 64 F by contact with the cold water spray. In passing through 
the fan and duct work, the air increases in temperature from 2 to 7 F, depend- 
ing upon the location of the room and upon the weather conditions. In 
circulating through the rooms, the air absorbs sufficient heat from the warm 
walls, glass, lights, and bodies of occupants to raise its temperature and at 
the same time to decrease the relative humidity to the desired degree. If the 
heat leakage into the rooms through the walls and glass is not sufficient to 
produce this effect, as is often the case in cool weather, the reheaters auto- 
matically furnish whatever additional heat is needed. Recirculation is used 
sparingly on account of the possibility of infection. 

Success in applying these systems depends as much upen operation as upon 
design. The operation of the equipment, therefore, should not be entrusted 
solely to the hospital engineer. The system should be thoroughly checked by 
an expert twice every year and care should be taken to keep the apparatus clean, 
for if mud and fungus are allowed to accumulate in the air washer and Baudelot 
cooler tanks, musty and sour odors will pollute the air in the rooms. 


Cost Data 
The initial cost of the installation for the two nurseries alone was about 
$5,700.00. The addition of the third nursery brought the total cost to about 
$7,000.00 This sum represents the minimum cost of an installation of this type. 
The itemized yearly cost for operating the system continuously at full capacity 
is as follows: 
Electric power ($15.00 per year per kw of demand and $0.015 per kw-hr. of 


CIS, ig.o5.4. 5:06.55. 18 iidd san bg esbeawesncaseaaeasdsegi ne scaheeel $ 370.00 
Steam ($0.10 per million Btu of demand and $0.60 per million Btu of heat) 670.00 
SeeRIINE Cre: Ay NO WII ao. 60.6 o:0 5:04:08 tase 60 Hearn Faaenindiadinne soceesucenns 300.00 
os 50 55h a Sane he dee sence rs one vas Wathen bean 60.00 
RENE er re en rte be, Pe a Me ee ere ey 300.00 
Be OI II oi. 6on ia ok kb ocak ness ddadesdscdseansehesauiberetin 150.00 


Yearly operating cost (exclusive of depreciation and interest on capital 
IIIS 6 i din 6tcnseacancdeideprenssaieradesensdnctbixesasseneees 1,850.00 


The unit costs shown are those charged to the Infants’ Hospital by the 
Harvard Medical School Power Plant. 

The operating cost is actually somewhat less than $1,600.00 because the 
special nursery for full term infants is not used continuously. The yearly 
operating cost for the two premature nurseries alone is about $1,200.00 


SUMMARY 


A four year study of the influence of air conditions on the growth and 
development of premature infants at the Infants’ Hospital (Boston) showed 
that a mechanical air conditioning system of the central station type could 
be applied with marked success to the group care of these infants. The air 
conditioning requirements for the premature nurseries at the Infants’ Hospital 
were found to be a ventilation rate of 25 air changes per hour, an air movement 
of 15 fpm over the beds, a relative humidity of 65 per cent, and environmental 
temperatures varying approximately from 100 to 76 F, depending on the general 
condition of the infant and its body weight. In order to meet these require- 











394 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


ments, two conditioned nurseries were necessary, one about twice as large 
as the other. The special needs of congenitally diseased infants, particularly 
those of the 1.5 to 2.0 lb groups, were taken care of most satisfactorily by the 
use of open top electric incubators or heated beds placed inside the larger 
nursery. 

The system should be designed for maximum indoor temperatures of 80 
and 90 F in the larger and smaller nurseries respectively and for a dew-point 
of 70 F in winter and 60 F in summer. No recirculation allowance should 
be made in estimating the capacity of such systems. The problem of tem- 
perature control deserves especial attention, because premature infants are 
peculiarly sensitive to temperature changes. 

The application of air conditioning to the premature nurseries of the Infants’ 
Hospital was followed by a marked reduction in the incidence of diarrhea and 
in the mortality rate. Infections were reduced to a minimum and gains in 
body weight increased. These benefits are attributed to advances in medical 
treatment and improvement in nursing and general care, as well as to the 
installation of the air conditioning system described. 
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DISCUSSION 


F. C. HouGuten: As engineers we should welcome this paper as marking 
the beginning of a new epoch in the progress and application of air conditioning 
as an aid to human comfort and well being. 

Professor Yaglou, a former member of our Research Laboratory staff and 
co-worker in the development of the comfort chart, and his associates at Har- 
vard, have applied air conditioning in the care of premature infants with 
phenomenal success. In fact, they have succeeded in reducing what has been 
generally accepted as the normal death rate among such patients by something 
over 50 per cent. That is certainly a phenomenal success and one which war- 
rants the highest appreciation of civilized society. As engineers, we should 
remember that it was proper knowledge of air conditioning which made this 
possible. 

It seems to me almost axiomatic that air conditioning should be very effec- 
tive in the treatment of many diseases. Any disease that results in a fever 
condition, represents a condition of either an excessive rate of heat production 
in the body or failure in heat elimination from the body. The results of the 
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Laboratory have shown that atmospheric conditiohs—that is temperature, hu- 
midity and motion of the air and other factors—have a very marked effect on 
the rate of heat dissipation and the way in which that heat is eliminated; that 
is whether it is dissipated as sensible heat or by the evaporation of perspiration. 
It would appear to be a very short-sighted policy to fail to take into considera- 
tion the atmospheric environment of a person so afflicted. It would seem entirely 
logical that the atmospheric environment should be of much greater importance 
than the food and medicine which he takes into his digestive system. 

A great many men in the medical profession are now thinking of the possi- 
bility of applying atmospheric conditioning in relation to treatment of illness and 
a single incidence of this trend came to our attention at the Laboratory re- 
cently. Certain Pittsburgh doctors acquainted with the: work of our Labora- 
tory along the line of air conditioning and its relation to human well-being con- 
ceived the possibility of treating a certain serious illness which has heretofore 
baffled the skill of the medical profession by air conditioning. The Laboratory 
made available the air conditioned rooms on certain days when they were not 
otherwise in use. A few patients were treated with what seems, to date, a con- 
siderable degree of success. It seems undesirable by these doctors to announce 
the nature of the disease or the treatment until they are more certain of the 
results but apparently complete cure or marked improvement has resulted in 
the cases treated. 


The benefits derived from proper air conditioning for premature infants and 
the case just cited may be taken as an index of many other possibilities and as 
air conditioning engineers, we should bring these possibilities to the attention of 
the medical profession. 

T. J. Durrietp: I think the whole crux of this paper is contained in the last 
paragraph. Here we have four valid criteria by which one might very prop- 
erly judge improvement in the health of these very sensitive reactors to air 
conditions and in all four of them definite gains are demonstrated. As the 
authors say elsewhere, it is i@escapable to conclude that the air conditioning 
has had a very important place in bringing about the results that are reported. 

The authors point out that the comfort chart that was designed at the Re- 
search Laboratory of the Society is not applicable to the premature infant, and 
that is only logical, of course. I noticed, too, that these authors are very con- 
servative and modest in their claims for the effects of air conditioning and 
do not attempt to ascribe the entire benefits that these children received to the 
improvement of air conditions, but they do point out that an improvement has 
been made along the lines of medical treatment in the nursing and general care. 


This paper without doubt marks a new epoch in our application of air condi- 
tioning for the improvement of health. With the exception of the information 
from Holland, where allergic diseases have been successfully treated and pre- 
vented by air conditioning, this is the first bit of scientific evidence we have 
had which directly ties up health, other than the passing physiological condi- 
tions, to improvement in air conditions. 

Physicians in several parts of the country are seriously considering the pos- 
sible application of air conditioning in the treatment of several serious diseases 
and it is a splendid indication that there has been awakened among the medical 
fraternity in the United States, what we might call “air-mindedness,” in this 
case applying to air conditioning rather than to aviation. 
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I consider that this is an epoch-marking paper and that in the near future we 
shall see a much wider application of air conditioning to the treatment of dis- 
eases than we have had in the past. 

Hapar Gitte (SwepeN): We have used your charts for air conditioning in 
Sweden. A doctor wished to make some blood tests and he at first tested it 
on himself. He especially wished to test the difference in the contents in the 
blood of organisms with and without fever. These tests were made on a horse 
as a horse has the same temperature control as a human being. The control 
was obtained by means of sweating. The doctor asked me if air temperature 
had any influence on the body temperature and I referred him to the data 
obtained at the A.S.H.V.E. Laboratory on the effect of extreme temperatures on 
the human body. It was astonishing that we could determine the number of 
hours required for the horse’s body to attain the desired temperature. We 
could accurately determine the necessary air condition to get the result, a tem- 
perature of 42 C was obtained by means of the figures you have determined for 
the human body. 

I received a letter stating that the condition in the blood of the horse was 
as if it had got the fever from a disease. As you know fever is a weapon against 
disease. Why should it not be possible to use air conditioning for this purpose? 
I think it could be made a good weapon in the fight against disease, 

E. C. Evans: I would like to see research carried on somewhere, preferably 
at our own Laboratory to better the comfort and health conditions of those who 
because of their tubercular trouble are forced to reside in the hot and dry climate 
of our desert lands, where they are able to take advantage of the curative powers 
of the natural atmosphere which in some way that is mysterious to us does 
prolong the life of those affected with this sickness. Many of these persons 
are well able to afford air conditioning in their homes and some of them want 
cool air. 

It is an easy matter to provide cool air, but what will be the effect on health. 
In other words, what effect does the rising humfdity have on the production of 
mucous which condition is practically absent in the dry air under natural con- 
ditions. There is room for much research on this subject. Certainly we should 
know how far we can reduce the dry-bulb temperature when we would naturally 
have an increase of humidity. Therefore we must know the values to be ex- 
pected as they relate to health. 


A. S. LancsporF: A recent number of Science carried an account of the 
work of two physicians, who have recently carried on extensive experiments 
designed to produce by electrical treatment local artificial fevers in different 
parts of the human body. 

In the School of Medicine of Washington University, some of the members 
of the faculty are working on artificially induced fevers, using a high-frequency 
electrical discharge. When I was asked about some of the engineering features 
of the high frequency apparatus, I raised the question whether the observed 
temperature rise to 105 F might not be in error, because mercury thermometers 
were used to measure the internal temperature. In all such cases an alcohol 
thermometer should be used for accuracy. 
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AIR INFILTRATION THROUGH VARIOUS 
TYPES OF WOOD FRAME CONSTRUCTION 


By G. L. Larson’, D. W. NEtson? AND C. Braatz*, Maptson, Wis. 
MEMBERS 


The results of cooperative research between the University of Wisconsin 
and the AMERICAN. Society OF HEATING AND VENTILATING ENGINEERS 


INTRODUCTION 


OR the past three years, a program of cooperative research has been 
under way sponsored by the University of Wisconsin and the AMERICAN 
Society oF HEATING AND VENTILATING ENGINEERS for the purpose of 

determining the relative air tightness of various types of building construction. 
The initial work of this program was confined to brick wall construction, the 
results of which are presented in the paper entitled, Air Infiltration Through 
Various Types of Brick Wall Construction, p. 99. 


In the Summer of 1929, work was begun on a series of tests pertaining 
primarily to wood frame construction under a cooperative agreement between 
the Society, the University and the National Lumber Manufacturers’ Associa- 
tion. It is the results of the latter program with which this paper is concerned. 


DESCRIPTION OF TEST APPARATUS 


The test apparatus shown in Fig. 1 consists briefiy of the pressure chamber 
A, and the collecting chamber B, between which the panel to be tested is secured 
by means of C-clamps. Air tight seals are obtained between the two sides of 
the panel frame and chambers A and B by means of a sponge rubber gasket 
attached to the perimeter of the chamber openings. Artificial wind pressure is 
produced by a small motor-driven blower, shown at the extreme left of Fig. 1. 
The blower is in communication with the pressure chamber through an adjust- 
able damper E by means of which the pressure drop through the wall is con- 
trolled. Other control dampers are provided at D and on the intake to the 
blower itself. The pressure difference in chambers A and B, which is the pres- 
sure drop through the wall panel, is measured with an inclined draft gage, F. 

The amount of air passing through a wall panel is measured by a set of 
interchangeable orifices ranging in size from 3% in. to 6 in. in diameter, mounted 
on the end of orifice box C. The pressure drop through the orifice is determined 





1 Chairman, Dept. of Mechanical Engineering, University of Wisconsin. 

2 Assistant Professor of Steam and Gas Engineering, University of Wisconsin. 

%Instructor of Steam and Gas Engineering, University of Wisconsin. 

Presented at the Semi-Annual Meeting of the American Society or Heatinc anp VEN- 
TILATING ENGINEERS, Minneapolis, Minn., | #4 1930, 


397 








398 TRANSACTIONS AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 








GENERAL Lay-ouT oF Test EQUIPMENT 


}. 


Fic. 














INFILTRATION THROUGH Woop FRAME CoNSTRUCTION, Larson, NELSON, Braatz 399 


by a Wahlen gage, G. To facilitate examination of a wall panel after it has 
been clamped in place, without disturbing the seal between the test machine 
chambers and the wall frame, a manhole is provided in each chamber on the 
side opposite that shown in Fig. 1. 


DESCRIPTION OF TEST PANEL FRAMES 


The test panels, described briefly in Tables 1 and 2 and in detail in the 
appendix of this paper, were built into rectangular frames constructed of four 
4 X 8 air-dried Douglas fir timbers, in the manner shown in Fig. 15. The frame 
members were secured at the four corners by means of 6 X 6 X % in. angle 
irons, and the joints at these corners were thoroughly sealed with a plastic calking 
compound. 

All construction work was done by a local contractor, under the supervision 
of L. V. Teesdale of the U. S. Forest Products Laboratory, who also passed 
upon the suitability of all construction material, with reference to specifications 
drawn by the National Lumber Manufacturers’ Association. Every effort was 
made to have all construction comparable to that in actual building practice. 


Test PROCEDURE 


Each test panel was subjected to wind pressure ranging from about 5 to 30 
mph, for each of the test conditions as outlined in Tables 1 and 2. Except in 
the case of Panels 2B and 3B, the crack between the frame members and the 
test panel perimeter was completely sealed with plastic calking compound, leav- 
ing only the surface of the panel, 51 sq ft, open to leakage. 

With the exception of the panel described in Item 34 of the appendix, all 
seasoning periods took place indoors at a temperature of approximately 70 F. 
The seasoning period for panel 6D, Item 34, consisted for the most part of 
sub-zero weather together with one light snowfall and several days of sunshine. 


DESCRIPTION OF TABLES 1 AND 2 


A brief description of the different constructions built and tested is given in 
Tables 1 and 2. Cross-sections of the constructions listed in Table 1 are shown 
in Fig. 2 and for those listed in Table 2 in Fig. 3. More complete descriptions 
of the constructions built are given in the appendix. The description in the 
appendix for any particular panel number may be located by referring to the 
number in the column headed Index to Specifications. 

Tables 1 and 2, in addition to giving a brief description of the constructions 
made and tested, list the standing periods from the date of construction to the 
date of test. Figs. 4 to 15 are photographs of typical wall constructions that 
were built. The columns headed Index to Figures in Tables 1 and 2 list the 
panel constructions for which photographs are included in this paper. These 
are the numbers appearing before the dash. 


DIscuSSION OF RESULTS 


The results of the tests on each one of the constructions made are given in 
Tables 1 and 2 under the heading of Air Infiltration in Cubic Feet per Hour 
per Square Foot of Wall. The results are given at wind velocities from 5 to 
30 mph by 5-mile intervals. These wind velocities correspond to drops in pres- 
sure in inches of water across the wall as observed during the tests. The relation 
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between the drop in pressure in inches of water and the wind velocity is as 
follows: 
Drop in Pressure in Inches of Water...... 0.012 0.048 0.108 0.192 0.300 0.431 
Wind Velocity in Miles per Hour ........ 5 10 15 20 25 30 
The test results are shown graphically in Figs. 16 to 25 grouped to show 
comparisons between various important features. The column headed /ndexr 
to Figs. in Tables 1 and 2 shows the figures in which the test results of each 
panel number appear. The figure number before the dash is that of the photo- 
graph of the wall construction, if any is included, and the numbers after the 
dash refer to the figures showing the test results graphically. Not all of the 
test results have been plotted but only those most useful in making comparisons. 
Tables 1 and 2, however, show the results of all tests and any additional com- 
parisons may be made by referring to the results as tabulated there. 


INFILTRATION THROUGH SHEATHING ONLY 


The results of tests on the various sheathings are shown grouped together 
in Fig. 16. The four tests on air-dried end and side matched sheathing show 
considerable variation. The average of the four tests shows a leakage of 46.4 
cfh per square foot of wall at 15 mph. Of these four end and side matched 
sheathing panels, 47, CE and 10C, were of a uniform material and the aver- 
age of these would be 35.1 cfh per square foot at 15 mph. As compared 
to this average, the leakage through Panel 441 which was of a less uniform 
material was 80.3 cfh. The lowest leakage secured for end and side matched 
sheathing was 28.3 cfh per square foot, the value obtained in tests of Panels 
4F and 9E. 

The air-dried side matched sheathing on Panel 24 showed a leakage of 
15.3 cfh per square foot and on Panel 3A a leakage of 9.3 cfh per square foot 
of wall both at 15 mph. This is an average leakage at this wind velocity 
of 12.3 cfh per square foot. This figure of 12.3 cu ft for side matched sheathing 
is to be compared with the figure of 35.1 cu ft for end and side matched sheath- 
ing for the same material. In the case of side matched sheathing, all end 
joints are butted on the studding, whereas many joints with end and side 
matched sheathing come in between studding. The increase in leakage of 
end and side matched sheathing over side matched sheathing is considered to 
be due to greater leakage through the end joints. Figs. 5 and 6 show the air 
dried side matched sheathing used in Panels 2A and 3A. The end and side 
matched sheathing of Panels 4F, 9E and 10C was of this same material. 

The leakage through green side matched sheathing, Panel 141, was 
78.6 cfh per square foot at 15 mph. This is slightly less than the leakage 
through air dried end and side matched sheathing of like material. The com- 
paratively low leakage secured indicates that even with green lumber the shrink- 
age is not ordinarily enough to pull the tongues and grooves apart and allow 
the free passage of air. A photograph of Panel 141 is shown in Fig. 4. 

The leakage through fibre board as found in tests of Panels 6A and 7A was 
12.6 cfh per square foot at 15 mph. This is about the same as through air 
dried side matched sheathing as determizied on Panels 2A and 3A. The 
variation in the infiltration found in the two tests of fibre board was due to a 
variation in the width of the horizontal joints. The sheets were closely fitted 
together on Panel 7A, but a section of the joint on Panel 64 had a crack of an 
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appreciable width. Fig. 11 shows a photograph of Panel 64. When the hori- 
zontal joints were sealed the leakage for Panels 64 and 7A was the same. 
The leakage through a wall of fibre board depends largely on the fit of the 
horizontal joints and may be considerable with careless workmanship. 


ADDITION OF BUILDING Paper, Drop SIDING AND PAINT TO SHEATHING 


Fig. 17 shows the infiltration resulting from tests of the various steps in the 
building of the outside construction of a wall. The leakage through the sheath- 
ing only in Panel 9E, which was end and side matched was 28.3 cfh per 
square foot of wall at 15 mph. The application of ordinary resin-sized building 
paper over the sheathing with the seams nailed at 7-in. intervals reduced the 
leakage in Panel 9F to 2.9 cfh per square foot of wall at 15 mph. The addi- 
tion of drop siding and paint in Panel 9G reduced the leakage to a negligibly 
small amount. This reduction is due not only to the resistance to air flow of 
the painted drop siding but also to the increased effectiveness of the sheathing 
paper because of being clamped between two thicknesses of boards. 


Various APPLICATIONS OF SHEATHING PAPER 


That the effectiveness of sheathing paper depends to a considerable extent on 
the method of application is shown by the curves in Fig. 18. Paper nailed on 
the sheathing with the laps nailed at approximately 7 in. intervals in Panel 9F 
showed a leakage of 2.9 cfh per square foot of wall at 15 mph. Paper applied 
vertically between the studs and sheathing in Panel 4A showed a leakage 
of 0.31 cfh per square foot at 15 mph. In Panel 7C, paper was placed between 
two thicknesses of spaced boards and shingles which by themselves showed 
an extremely high leakage. The extremely low leakage of 0.13 cfh per square 
foot at 15 mph found in the test of Panel 7C is attributable to the effectiveness 
of the paper when tightly clamped between two thicknesses. | 

The paper used on Panel 9F was a poor grade of resin paper. In Panel 9G 
drop siding and paint were added which reduced the leakage to a negligibly 
small amount just as was the case with a good grade of building paper. This 
is attributable to the reduction in leakage at the laps due to the clamping of 
the paper between the two thicknesses of sheathing and drop-siding. In the 
average building construction, a good grade of sheathing paper would probably 
have a greater resistance to air flow than would a poor paper because of less 
tearing in application due to its greater tensile strength. Also it probably 
would maintain its resistance to air leakage better over a period of years against 
the effects of aging and weathering. 

In the construction of farm and other shelter buildings the application 
of paper in the proper way would seem to be worth while. There are two 
ways of applying the paper between the studding and the sheathing, horizontally 
and vertically. Horizontal application between studding and sheathing would 
correspond in leakage to the results secured in test of Panel 9F where the 
sheathing paper was applied horizontally on the outside of the sheathing and 
nailed at intervals. Vertical application between studding and sheathing was 
made in Panel 4A and showed considerably less leakage than horizontal appli- 
cation. 
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Arr INFILTRATION THROUGH VARIOUS TYPES OF SHINGLE CONSTRUCTION 


Fig. 19 shows the results of tests on various shingle constructions. The 
greatest leakage was secured with 24-in. shingles nailed to 1x6 boards spaced on 
1l-in. centers in Panel 7B. This leakage was 122.5 cfh per square foot of 
wall at 15 mph. The corresponding construction for 16-in. shingles and 1x4 
boards on 5-in. centers in Panel 3C showed a leakage of 69.5 cfh per square 





Fic. 14. Exterior or Panet No. 9A, PLASTER oN 
Woop Latu. Exterior or PAanet No. 104, PLASTER on 
Meta. Latu 


foot. In both of these constructions, the spaced boards act merely as pieces to 
nail the shingles to and play practically no part in the stopping of air leakage. 

The replacing of the spaced boards with shiplap in the case of 24-in. shingles 
in Panel 6C reduced the leakage to 43.8 cfh per square foot at 15 mph. The 
corresponding value for 16-in. shingle construction in Panel 4B was 15.3 cfh 
per square foot. The use of shiplap in shingle roof and side wall construction 
would seem to be advisable in the reduction in infiltration. 


The application of sheathing paper to a 16-in. shingle construction using 
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spaced boards in Panel 3D and to a 16-in. shingle construction using shiplap 
in Panel 7D reduced the air infiltration to the negligibly small amount of less 
than one-half cubic foot per hour per square foot of wall. The great reduction 
secured by the use of paper in a shingle wall would make its use advisable in 
any construction where infiltration is objectionable. One construction where 
the use of paper would be highly desirable is in shingle roof construction on 
residences. 


ADDITION OF PAINT TO SIDING 


The infiltration of air through a wall having building paper properly applied 
is negligibly small. This ameunt was 0.28 cfh per square-foot of wall at 15 
mph for Panels 18, 2B and 3B. Fig. 20 shows the results of these tests 
plotted to a very much enlarged scale. The application of paint to the siding 
on these panels resulted in a further reduction. 

In the case of Panel 2B1, having drop siding, the reduction was very slight, 
but was an appreciable amount in Panels 1B1 and 3B1 having bevel siding. 
This indicates that paint seals the joints in bevel siding better than in drop 
siding. This reduction in either case is extremely small since the sheathing 
paper clamped between the sheathing and siding by itself is very effective in 
preventing air infiltration. This reduction in leakage due to the addition of 
paint probably is not permanent since it would take very little movement due 
to weathering or to changes in humidity to break the paint film sufficiently to 
allow air to reach the sheathing paper quite freely as compared to its passage 
through the paper layer. Paint applied to a weathered siding would of course 
reduce the size of the cracks at joints in the siding. 


A Stupy or Goop AND Poor CorNER CONSTRUCTIONS 


In the case of Panels 2B and 3B tests were first made with the joint between 
the wall and the frame calked on only three sides. On the fourth side, the joint 
at the depth of the sheathing only was calked. This allowed air to get under the 
siding and under the paper from this uncalked end joint. This is considered 
to be approximately the condition at the corner of a frame building or against 
window or door openings with poor construction. Here there is a chance for 
air to get under the trim, then to get under the siding and seek out openings 
in the layer of paper. Unless the paper is very carefully applied, there would 
also be the chance for air to find its way under it directly at the corner or 
at the window or door frame. 

Fig. 21 shows the results of these tests with one edge of the siding and 
paper not sealed. The results on Panel 3B showed a leakage of 1.70 cfh per 
square foot of wall at 15 mph for a wall equipped with bevel siding. The 
corresponding results on Panel 2B equipped with drop siding was 0.45 cu ft. 
This indicates that drop siding, since it presses down over the entire paper sur- 
face quite effectively, prevents air from getting under the paper from an end 
joint such as occurs at the corner of a building or at window or door frames. 
The bevel siding, since it makes only line contact with the paper, is not so 
effective in preventing air from getting under the paper. This points to the 
need for carefully wrapping the paper around the corner of a building and for 
the making of a tight seal in the paper layer at window and door openings. 
In the case of bevel siding with the best paper application at such locations, 
there is still the chance for air to travel horizontally in the air spaces under 
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the siding and seek out defects in the paper. This calls for careful application 
not only at corners at openings but over the entire wall surface. It is also im- 
portant that laps in the paper layer come under lines of contact when bevel 
siding is to be applied. 

When the fourth side of Panels 2B and 3B was sealed, the leakage was re- 
duced to the negligibly small amount of 0.28 cfh per square foot. Fig. 7 shows 
a photograph of these two panels. 


ADDITION OF PLASTER TO WALLS HAVING SHEATHING PAPER 


The results of tests on Panel 1B1 made of sheathing, paper and bevel siding 
and Panel 7D consisting of shiplap, paper and shingles are plotted in Fig. 22 
to a greatly exaggerated scale. The leakages for these two constructions were 
0.18 and 0.17 cfh per square foot at 15 mph. These are extremely small leak- 
ages. The addition of plaster to these two constructions in Panels 1C and 7E 
resulted in a further reduction of this negligibly low leakage. 

Tests on plaster constructions alone in Panels 9A and 10A showed the 
negligible leakage of 0.17 and 0.23 cfh per square foot at 15 mph. 

Having practically air tight layers such as building paper and plaster at 
two points in a wall should reduce air movements within the wall and thereby 
exert a beneficial effect on heat losses by transmission. 


ADDITION OF WALL PAPER AND PAINT TO PLASTER 


Plaster by itself allows only a negligible amount of air leakage. The results 
of tests of plastered Panels 9A and 10A are plotted to an exaggerated scale in 
Fig. 23. The infiltration averaged 0.20 cfh per square foot at 15 mph. The 
tests were made with no cracks in the plaster and the panels were sealed com- 
pletely on all four sides. Had cracks been present or had imperfect sealing 
been made at an edge of the plaster sheet corresponding to poor sealing at the 
baseboard or at a window opening in actual construction, the leakage would 
have been much greater. To obtain the effectiveness of plaster against air 
leakage good workmanship includes the proper sealing of the plaster sheet at 
the baseboard and window trim. The addition of wall paper in Panel 9B to 
the plaster in Panel 9A resulted in a considerable although unimportant reduc- 
tion in air leakage. The addition of sizing and flat wall paint in Panel 10B 
to the plaster in Panel 104 made the wall practically air tight. The leakages 
of the plain plaster walls were negligibly small. The application of paint or 
paper under such circumstances would have to be justified by other reasons 
than a reduction in air infiltration. Probably the application of paint or paper 
to a badly cracked plaster wall would have a favorable effect on air leakage. 


INFILTRATION THROUGH Various Types oF ComMpouND WALLS 


A compound wall for the purposes of this paper is defined as one that has a 
finished construction on both sides of the studding. The results of tests on the 
four compound walls that were built are shown in Fig. 24. The three panels 
1C, 4E and 7E all had in their construction sheathing paper and plaster, 
although different types of siding were used. The leakages secured were 0.16, 
0.23 and 0.12 cfh per square foot at 15 mph or an average for the three walls 
of 0.17 cu ft. 


Panel 10D contained neither sheathing paper nor plaster and had corrugated 
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steel siding as the outside construction and end and side matched sheathing as 
the inside construction. The leakage at 15 mph was 8.1 cfh per square foot. 
Had paper been applied vertically between the studding and the boards as in 
Panel 4A, the leakage would have been less than 1 cu ft per hour per square 
foot of wall. 


INFILTRATION THROUGH SINGLE-SURFACED WALLS UsEp IN FarM 
AND OTHER SHELTER BUILDINGS 


Fig. 25 shows the results of tests on panels having a single thickness. These 
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include panels having tongued and grooved boards both butt ended and end 
matched, boards and battens and corrugated steel siding. 


The largest leakage occurred with Panel 6D which was built of 1x10 in. 
boards spaced on 11 in. centers and the spaces covered with 1x4 in. boards. 
This leakage was 86.9 cfh per square foot of wall at 15 mph. Fig. 13 is a 
photograph of this panel. 

The leakage through the three panels 47, 9E and 10C of air dried end and 
side matched sheathing of a uniform material averaged 35.1 cfh per square 
foot of wall at 15 mph. The inclusion of the fourth panel of a different mate- 
rial, Panel 441, of end and side matched sheathing increased the average to 
46.4 cfh per square foot of wall at 15 mph. Air dried side matched sheathing 
rs Panels 2A and 3A showed an average leakage of 12.3 cfh per square foot at 
15 mph. 


Two panels, 6B and 10E, were tested having corrugated steel siding. The 
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leakage through Panel 6B was 45.4 cu ft and throiigh Panel 10£, 9.1 cfh per 
square foot at 15 mph. The average of the two is 27.3 cfh per square foot. The 
large variation in results is explainable in a difference in the length and fit of 
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the horizontal joints. Panel 6B had 1-1/3 horizontal joints and Panel 10E£ 
had only one horizontal joint. The fit of some of the horizontal joints on Panel 
6B was poorer than that on Panel 10E. 


Fig. 12 shows a photograph of Panel 6B. The joint between the steel siding 








418 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


iS 


& 


8 


Wino Veétociry in Mites PER HouR 


Pressure Drop TyRoven Watt in INCHES OF WATER 





0 ar ae a3 04 as 06 a7 a8 ag 10 
InfitTRATION IN CFH. PER So. Fr oF Watt 


Fic. 20. Appition oF Paint To Drop Sipinc AND Bevet SIDING 


g 


&. 


°é. 


r) 
a 


8 


Pressure Drop ThRoven WALL IN INCHES OF WATER 


o as 10 “8 20 as)6C lou 2S 40 45 40 45 
Infi.TRATION IN CFH. Per So. Fr or Wace 


Fic. 21. Stuny or Goop AND Poor CoNsTRUCTIONS 








Wino Vetociry in Mites PER Hour 











~se nae 





INFILTRATION THROUGH Woop FRAME ConsTRUCTION, Larson, NELSON, BRaatz 419 


and the test frame was calked on all four sides during the tests. Had air been 
allowed to enter the ends of the corrugations at the top or bottom of the wall, 
the leakage would have been exceedingly large. Such would be the condition 
in actual building construction unless special care were taken in the application 
to butt the sheets against wood construction. 

The tests on all of the single-surfaced walls show considerable leakage. The 
application of sheathing paper nailed vertically on the studding to any single- 
surfaced wall would greatly reduce the leakage. The leakage of such an appli- 
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cation was shown in the test of Panel 4A to be less than 1 cu ft per hour per 
square foot of wall at 15 mph. 


CONCLUSIONS 


The air infiltration through a frame wall construction containing building 
paper or plaster properly applied is negligibly small. 

The best application of building paper consists of the clamping of the paper 
between two thicknesses such as sheathing and drop siding or shingles. In 
a single-surfaced wall, the paper may be effectively applied vertically on the 
studding under the boards. Special precautions are necessary at the corner of 
a building or against door or window openings to make the paper effective. 

While no difference has been found in the value of a high and a low grade 
paper on these infiltration tests, likely the good grade of paper will better 
maintain its efficiency against air infiltration over a period of years than will 
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the poor grade of paper. A paper having considerable weight and strength 
should develop fewer defects in application than would a poor paper. The 
use of a poor grade of paper is particularly objectionable for a construction 
in which the paper is not firmly clamped between two thicknesses of material 
over its entire surface. 

End and side matched sheathing has a somewhat greater leakage to air than 
has side matched sheathing. The difference is of no importance when sheathing 
paper is included in the construction. End and side matched sheathing presents 
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the same desirable flat surface for application of paper as does side matched 
sheathing. There is no disadvantage from the infiltration standpoint to offset 
the advantages of the use of end and side matched sheathing on the usual build- 
ing construction. With end and side matched sheathing, random lengths may 
be used, resulting in a saving in material and sawing labor. 

The application of building paper to single-surfaced frame walls such as are 
used for farm and other shelter buildings can be effectively and cheaply per- 
formed. The application of the paper vertically between the studding and the 
sheathing and with the laps on the studding makes a very good construction 
from the infiltration standpoint. 

To obtain the full efficiency of a frame wall against air leakage, special 
care must be used at the corners of a building and against window and door 
openings. Building paper should be carefully wrapped around the corner 
so as to prevent air getting through the wall construction at this point. 
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In the case of bevel siding, there is the chance for air to enter at a corner 
construction and travel horizontally to seek out defects in the sheathing paper. 
This requires the careful application of the paper so as to prevent defects 
developing and the use of wide laps so as to bring them under the contact lines 
of the bevel siding. The use of a good grade of paper would be economical 
due to freedom from tearing during application and the maintaining of a high 
degree of effectiveness throughout the life of the building. 

Drop siding does not present spaces for air travel over the surface of the 
sheathing paper and very effectively holds the paper against the sheathing. 
Poor corner construction is a less serious factor with drop siding than with 
bevel siding. 

The use of building paper is justified from an infiltration standpoint in any 
shingle roof or side wall construction. The use of shiplap rather than spaced 
boards is desirable in the clamping of the sheathing paper securely over its 
entire surface. This minimizes the buckling of the paper from aging. In 
districts where heating seasons are mild, the inclusion of building paper and 
the use of shiplap rather than spaced boards would be justified by the reduction 
in infiltration. 

Plaster by itself allows the passage of only a negligible amount of air when 
properly applied. Proper application means the sealing at the baseboard and 
against window and door openings by running the plaster tightly against the 
floor or frame construction of an opening. The full effectiveness of plaster is 
probably seldom obtained. The development of cracks reduces the efficiency 
of the plaster. The application of paint or wall paper is not justified from the 
standpoint of infiltration reduction on a plaster wall that is fully effective, but 
on a cracked plaster surface the application of either paint or paper may reduce 
infiltration considerably. 

The effectiveness of plaster properly applied is no justification for the use 
of low grade building paper or of the poor construction of the wall containing 
it. Not only is it difficult to secure and maintain the full effectiveness of the 
plaster but also it is highly desirable to have two points of high resistance to 
air flow with an air space between them to keep heat transmission losses at a 
minimum, 


APPENDIX 
DESCRIPTION OF TEST PANELS 


Items 1 and 2. Eight test panel frames were built of 4x8 timbers as described 
in the forepart of the paper. To the top and bottom members of each of these 
frames single 2x4 plates were nailed 1% in. from the face of the frame and 
extending from end to end of the frame opening. Vertical 2x4 studs were 
installed between these plates on 16-in. centers, except that the end studs were 
spaced such as to bring end studs tightly against the vertical frame members. 
Studs were firmly toe nailed to plates and end studs to frame. A recess was 
made against the frame members in the 2x4 plates and end studs on both sides 
of the frame into which calking compound was packed to prevent air leakage 
at this joint. 

Item 3. Over the stud frame in panel frame No. 1, 1x6-in. dressed and side 
matched sheathing was applied with ends butted over studs, fitted with ordinary 
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care to secure tightness and face nailed twice at each stud with 8d nails. Joints 
were broken over studs in every third course. This material was green and of 
No. 1 Common grade. Green sheathing, in this test, consisted of air-dried 
sheathing that had been soaked in water for several days. The panel was 
allowed to season 29 days before testing. 


Item 4. Over the studding in panel frames Nos. 2 and 3, 1x6-in. dressed 
and side matched sheathing was applied. Workmanship was in all respects 
similar to that of Jtem 3, except that the sheathing was thoroughly air-dried 
when applied. These panels were allowed to season 28 days before testing. 

Item 5. Over the stud frame in panel frame No. 4, a good grade of sheathing 
paper termed, Building Paper A, was applied in vertical strips, lapped 2 in. 
over studs and tacked to studs with roofing nails. Over the building paper, 
1x6-in. dressed, and end and side matched No. 1 Common sheathing was ap- 
plied. Workmanship was similar in all respects to that required for Item 3, 
except that no effort was made to have the end joints between boards occur 
over studs. End joints were made in not less than two-thirds of the courses, 
but each board spanned at least two studs. The panel was allowed to season 
29 days before testing. Immediately after testing the paper and siding, the 
paper was cut out between studs with a knife and the panel re-tested. 

Item 6. Over the sheathing on panel frames Nos. 2 and 3 after test, Build- 
ing Paper A was applied in horizontal strips lapped not less than 2 in. and 
with one vertical joint one strip wide, also lapped, in the center of the panel. 

Over the building paper on panel No. 2, 1x6 in. drop siding was applied. 
This siding was air dry to the satisfaction of the inspector, and was nailed in 
accordance with usual practice. The panel was allowed to season 14 days and 
then tested. Three coats of good commercial white lead and zinc paint were 
then applied to the siding at customary intervals, and 6 days after the appli- 
cation of the final coat, the panel was re-tested. 

Over the building paper on panel frame No. 3, 1x6-in. bevel siding was ap- 
plied lapped not less than 1 in. and nailed in accordance with usual practice. 
The panel was allowed to season 14 days and then tested. Three coats of good 
commercial white lead and zinc paint were then applied to the siding at cus- 
tomary intervals, and 6 days after the application of the final coat the panel was 
re-tested. 

Item 7. Over the stud frame in panel frame No. 6, Insulation A sheathing 
board was applied, using one vertical joint butted over studding and one hori- 
zontal joint clear across panel. The panel was allowed to season 30 days before 
testing. 

Item 8. Over the stud frame in panel frame No. 7, Insulation B standard 
sheathing board was applied in a manner similar to the Insulation A (see Item 
7) nailed according to manufacturer’s specifications. The panel was also allowed 
to season 30 days before testing. 

Item 9. Insulation A sheathing board was removed from studding in panel 
frame No. 6 and 20-gage galvanized corrugated sheet steel siding applied. 
Sheets were about 27 in. wide and 60 in. long and were lapped and nailed on 
to the studding according to manufacturer’s specifications for siding for farm 
or industrial buildings. No intentional standing period was allowed for the 
corrugated steel siding, but 14 days elapsed between the date of construction 
and the date of test. 
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Item 10. Over the studding in panel frame No. 9, wood lath and gypsum 
plaster were applied in accordance with the specifications given in the next 
paragraph. Lath was No. 1 grade, soft pine, spaced at least 14 in. apart and 
nailed to each stud with a 3d 16-gage wire nail. Joints were broken at every 
seventh course. Lath was thoroughly soaked before application and also well 
wetted down several hours before plastering. Wood grounds % in. thick were 
nailed around the stud frame and flush with the outside edges of the plates and 
the two outermost studs. The crevices between grounds and the panel frame 
were carefully calked with plasted calking compound. A seasoning period of 
15 days was allowed before testing. 


“Plaster shall be a good three-coat job of gypsum plaster applied as follows: 
Scratch coat shall be one part plaster, hair fibered, to not more than two parts 
(by weight) of dry sand. Brown coat shall be of similar materials and pro- 
portions, but unfibered. The finish coat shall be four parts gypsum plaster, 
one part finishing lime, and five parts clean dry sand.” 


Item 11. After the plaster in Item 10 on Panel No. 9 was tested, a good 
grade of wall paper was applied. This was allowed to dry for 10 days and the 
panel re-tested. 

Item 12. Over the studding in panel frame No. 10, metal lath and gypsum 
plaster were applied in accordance with the following specifications: “The 
metal lath shall be expanded metal lath weighing not less than 2.5 lb per square 
yard, attached to each stud with 6d nails spaced not over 6 in. apart. Clinch 
of nails to be upward. Lath to be lapped at sides not less than % in. with lower 
sheet over the upper. Grounds shall be % in. as for wood lath and plaster. 
There shall be at least one vertical and one horizontal lap in the metal lath 
joint entirely across the panel. 

“Gypsum plaster shall be used and applied in three coats, as follows: Scratch 
coat shall be one part plaster, hair fibered, to not more than two parts (by 
weight) of dry sand. Scratch coat shall be applied with sufficient pressure to 
fill all meshes and obtain good key. 


“Brown coat shall be one part plaster, unfibered, to not more than two parts 
(by weight) of dry sand. This coat shall be kept back sufficiently from grounds 
to allow for finishing coat and surface shall be roughened to receive finishing 
coat. 


“The finish coat shall be four parts gypsum plaster, one part finishing lime 
and five parts clean dry sand.” 


Item 13. Over the metal lath and plaster on panel frame No. 10 (see Item 
12) a coat of sizing and two coats of a good commercial flat wall paint were 
applied. A drying period of 10 days was allowed, after which the panel was 
re-tested. 


Item 14. The wood lath and plaster were removed from panel frame No. 9 
and the stud faces carefully cleaned. Over the stud frame Insulation A plaster 
lath was applied in commercial sheets; the sheets being broken over studs 
twice vertically and once horizontally. Lath was nailed according to manu- 
facturer’s specifications. Grounds were % in. as for wood lath and plaster. A 
scratch coat and finish coat of stucco were then applied. 


Item 15. The bevel siding and building paper on panel frame No. 1 were 
removed. Over the matched sheathing, expanded metal stucco reinforcement of 
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20-gage thickness with openings 3% in. by 2 in., and weighing 1.8 lb per square 
yard, was applied. Stucco reinforcement was placed horizontally and fastened 
to the sheathing with saddle nails spaced about 8 in. apart over the surface. 
Vertical laps were made over studs and horizontal laps laced with wire. Stucco 
was applied according to the following specifications : 

“Scratch coat shall be of one part portland cement to three parts sand, applied 
¥ in. thick and troweled well through the reinforcement. . It shall be thor- 
oughly dry before the brown coat is applied. The brown coat shall be % in. 
thick, of the same proportions, and the finish coat from \% in. to % in. thick. 
Total thickness of stucco over sheathing shall be approximately 14% in. and 
shall be established by 1% in. grounds nailed around the outside of the stud 
frame.” The panel was allowed to season 29 days before testing. 

Item 16. The bevel siding, building paper and sheathing were removed from 
panel frame No. 3. Over the stud frame 1x4-in. butt-edged boards No. 2 com- 
mon grade were applied spaced 5 in. on centers. Over the boards, edge grain 
5/2-16-in. red cedar shingles were applied 5 in. to the weather using zinc coated 
shingle nails. The panel stood 69 days before testing. 

Item 17. The sheathing and building paper on panel frame No. 4 were 
removed. Over the stud frame, 1x8-in. shiplap No. 2 common was applied . 
butted over studs and face-nailed twice. Over the shiplap edge grain 5/2-16 in. 
red cedar shingles were applied 5 in. to the weather using zinc coated shingle 
nails. The panel stood 14 days before testing. 

Item 18. The Insulation B standard sheathing board was removed from panel 
frame No. 7. Over the studs, 1x6-in. butt edged boards, No. 2 common grade 
were applied spaced 11 in. on centers. Over the boards, edge grain strictly 
clear 24-in. red cedar shingles were applied, 11 in. to weather. The panel was 
allowed to stand 15 days before testing. 


Item 19. The corrugated sheet metal was removed from panel frame No. 6. 
Over the studding, 1x8 in. shiplap No. 2 common grade was applied. Over 
shiplap, 24-in. edge grain red cedar shingles, strictly clear, were applied, 11 in. 
to weather. The standing period was 14 days before testing. 


Item 20. The 24-in. shingles were removed from panel frame No. 7. All 
remaining nails were pulled or driven flat to avoid any projections on the 
boards. Building Paper B, a good grade of paper, was then applied over boards 
according to manufacturer’s instructions. Over the paper, strictly clear edge 
grain 24-in. red cedar shingles were applied 11 in. to the weather, using zinc 
coated nails. The panel was allowed to stand 67 days before testing. 


Item 21. The 16-in. shingles were removed from panel frame No. 3. All 
remaining shingle nails were pulled or driven flat to avoid any projections on 
the boards. Building Paper B was then applied over the boards according to 
manufacturer’s instructions. Over the paper, edge grain 5/2-16 in. red cedar 
shingles were applied 5 in. to the weather using zinc coated shingle nails. The 
panel stood 69 days before testing. 


Item 22. The matched sheathing was removed from panel frame No. 1 and 
butt-edged 1x6-in. sheathing, No. 1 Common grade, was applied over studs. 
The lumber was air dry and fitted with ordinary care. Over the sheathing, 
Building Paper B was applied according to manufacturer’s specifications. Over 
the building paper, 1x10 red cedar bevel siding, B grade and better, was applied, 
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lapped 144-in., and double nailed with 8d cement-coated box nails, The panel 
stood for 70 days before testing. 

Two coats of good quality white paint were then applied to the bevel siding 
at the customary intervals, and 6 days after application of the second coat the 
panel was re-tested. 

Item 23. On the reverse side of panel frame No. 1, finished as specified in 
Item 22, wood lath and gypsum plaster were applied in conformity to specifi- 
cations for Jtem 10. The panel stood 68 days and was again re-tested. 

Item 24. All previous construction was removed from the 2x4 studs in 
panel frame No. 9. Over studs air dry 1x6 No. 1 Common end and side 
matched sheathing was applied. The panel was allowed to stand 2 days and 
then tested. 

Item 25. Over the sheathing in Jtem 24 ordinary red resin-sized building 
paper was applied with laps horizontal, nailed with No. 3 shingle nails spaced 
approximately 7 in. The panel was re-tested immediately. 

Item 26. Over the building paper mentioned in Jtem 25, air dry 1x6 drop 
siding was applied, nailed in accordance with usual practice, and painted 
with three coats of good commercial white lead and zinc paint applied at 
customary intervals. The panel was allowed to season 13 days and again 
re-tested. 

Item 27. All previous construction was removed from the 2x4 studs in panel 
frame No. 10. Over the studs 1x6 end and side matched sheathing was applied. 
The panel was allowed to season for 7 days and then tested. 

Item 28. Over the other side of panel frame No. 10 corrugated steel siding 
was applied as in Jtem 9. The panel was re-tested four days later, the steel 
siding being exposed to the pressure side of test machine. 

Item 29. All previous construction was removed from the 2x4 studs in panel 
frame No. 7. Over the studs 1x6 air dry shiplap, double nailed, Building Paper 
B, and 16 in. red cedar shingles 5/2 thickness were applied 714 in. to the 
weather. The panel was allowed to season 7 days and then tested. 

Item 30. Over the other side of panel frame No. 7, wood lath and plaster 
were applied according to the specifications of Jtem 10. The panel was allowed 
to season 14 days and re-tested. 


Item 31. All previous construction was removed from the 2x4 studs in panel 
frame No. 4. Over the 2x4 studs, Building Paper B lapped vertical on studs, 
and 1x6 air dry Select drop siding were applied. Siding was painted with two 
coats of commercial white lead and zinc paint. After the application of final 
coat of paint, the panel was allowed to dry for 4 days and then tested. 


Item 32. Over the other side of panel frame No. 4, 1x6 air dry end and 
side matched sheathing was applied. Panel was allowed to season 6 days and 
then re-tested. 


Item 33. Drop siding and building paper (Item 31) were removed from 
panel frame No. 4 and the panel immediately re-tested with the sheathing in 
Item 32 exposed to the pressure side of the test machine. 

Item 34. All previous construction was removed from panel frame No. 6, 
including inside vertical studs, leaving only the 2x4 plates nailed to top and 
bottom frame members and the two end studs nailed to vertical frame mem- 
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bers. Between the two end studs and perpendicular to them two 2x4 girts 
were toe-nailed on 33-in. centers. Over the studs and girts and perpendicular to 
the latter, 1x10 boards were applied with a one inch space between boards 
nailed with 8d wire nails at each side and in the middle of the boards at each 
girt. One heavy coat of good commercial paint was then applied. Immediately 
after painting, 1x4 battens were applied over the one inch spaces between the 
1x10 boards and nailed on one side only of the battens through one edge of the 
10-in. boards into the girts but not at other points. After the first coat of 
paint had dried, an additional coat was applied to boards and battens. The 
panel was allowed to season 14 days out-of-doors before testing. 


DISCUSSION 


A. P. Kratz: This paper, taken in conjunction with the previous reports on 
the same subject, emphasizes the importance of proper wall construction. It 
brings out the fact that the major part of air leakage results from improper 
or faulty construction, and that the proper use of building paper, plaster, and 
paint, reduces such leakage to a negligible amount. 

Since it is impossible to standardize faulty construction, it is difficult to 
choose, in spite of a wealth of information, just what factors should be used 
in the case of a particular building, and the infiltration loss remains one of 
the most uncertain calculations in determining the predicted heat loss from a 
building. It would seem to the writer, from the evidence presented, that the 
next step in a future program should be a study of the actual infiltration in 
existing buildings in order to establish upper and lower limits for the factors 
to be used for given types of constructions in conjunction with the factors 
now established for known conditions. 

D. R. Brewster: These tests emphasize the importance of building paper 
to such an extent that I thought it might be of interest in this connection 
to call attention to a study of building papers made by the Bureau of Standards, 
the results of which are recorded in a bulletin entitled A Study of Sheathing 
Papers, Research Paper No. 85, of the Bureau of Standards, published in 
the Journal of Research, Vol. III, July 1929. This can be bought separately. 


The conclusions of the study made by the Bureau of Standards bear out 
the results reported in this paper to an interesting degree and point out that 
the importance of sheathing paper depends not so much upon its weight and 
thickness and cost as upon the method of application, the tightness of the 
joints and the care used in preventing tearing and damage to the paper in 
use. Thus the only justification for using a high grade paper in building 
construction is to provide a paper of sufficient strength so that in application 
it is not apt to tear and so that during the life of the building it will not be 
subject to deterioration from the influence of moisture and rain blowing in. 
It is evident that it really pays to use a high grade building paper from the 
standpoint of obtaining a maximum length of life of the effectiveness of the 
construction in preventing infiltration. 

Among the conclusions of the U. S. Bureau of Standards study I might 
read the following sentences which are of interest: “The price range of 
sheathing papers is about ten-fold between the cheapest and the most expen- 
sive. There is no very definite relation between the price of such papers and 
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their value as building papers.” This brings out the importance of the 
method of application rather than the quality of the paper itself. “Strength 
sufficient to insure getting the material in place, whole, water resistance suffi- 
cient to insure against damage to plastering and inside finish, which sometimes 
occurs in severe storms, and impermeability to air, are apparently the requisite 
elements in a good sheathing paper.” It is evident that high grade building 
papers will more nearly meet these requirements than cheap, low grade papers 
that are made to meet price competition rather than to give definite standards 
of quality and performance. 
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SURFACE CONDUCTANCES AS AFFECTED BY 
AIR VELOCITY, TEMPERATURE AND 
CHARACTER OF SURFACE 


By F. B. Rowtey,’ A. B. Atcren,? anv J. L. BLacksHAw,*® MINNEAPOLIS, MINN. 
MEMBERS 


The results of cooperative research between the University of Minnesota 
and the AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


N MAKING a complete analysis of the heat flow through built-up wall 
| sections, that is, the flow of heat from air on one side of a wall to air on 
the other side, three points must be considered: first, the flow of heat from 
the air on one side of the wall to the surface on the same side, which is assumed 
to be the same as the flow of heat from the opposite surface to the air on its side; 
second, the conductance of the heat through those parts of the wall that are 
built up of homogeneous materials; third, the conductance of heat across air 
spaces within the wall. These air spaces may be of any size or shape, and there 
may be any number of them in the wall structure. If the laws governing these 
three factors are definitely known, then it is possible to calculate the heat flow 
through any built-up wall,section, provided the characteristics of the materials 
used in the wall are also known. 

The present investigation is part of the co-operative research program between 
the AmeRICAN Society oF HEATING AND VENTILATING ENGINEERS and the 
University of Minnesota. The object of the investigation was to determine the 
effect of air velocity, temperature, and surface characteristics on heat trans- 
mission from surfaces. Surface conductance (f) is defined as the number 
of British thermal units which will flow between one square foot of the surface 
of the material and the surrounding air per hour per degree difference in 
temperature between the surface and the air. A preliminary report of this 
investigation was published in the December 1929, A.S.H.V.E. Journav. Since 
that time, the apparatus has been remodeled and the work has been extended to 
cover nine different surfaces used in building construction. In order to make 
this discussion clear, it will be necessary to use two of the line drawings shown 
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Fic. 1. Front View or Surrace ConpuctANce Test APPARATUS 


Fic. 2. Rear View or SurFace CONDUCTANCE TEST APPARATUS 
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in the former paper, because these drawings represent the fundamental principles 
of the apparatus. 

Qne point which should be definitely understood is that these investigations >) 
cover air velocities parallel to the surface. The question immediately arises as 
to what the condition would be if the air flow were perpendicular or at some 
other angle to the surface. This is a point for further investigation; the 
relative surface effect of wind to different angles of the surface must be 
determined and factors obtained which can be applied to the various surface 
coefficients to correct for direction of air flow. 

It was decided in this investigation to determine the coefficients with the air 
passing parallel to the surface. Therefore, it was necessary to construct ap- 
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Fic. 3. PLAN ANp ELEVATION oF TEST APPARATUS FOR DETERMINING 
SuRFACE CONDUCTANCES 


paratus which would provide: first, air moving over a test surface at various 
constant velocities; second, accurately controlled air temperatures; third, test 
surfaces which could be supplied with a measured amount of heat ; fourth, instru- 
ments for measuring the air velocities and temperatures of the air over the test 
surfaces and the amount of heat flowing through the test surface. In order to 
obtain these conditions, the apparatus was set up as shown in the photographs, 
Figs. 1 and 2, and the line drawings, Figs. 3 and 4. Air of the proper tempera- 
ture was supplied by a large refrigerator capable of maintaining temperatures 
down to —l10F. This air was blown by a 12-in. multi-blade fan, driven by a 
Y, hp, 850 rpm, 220 volt, d-c, direct-connected, variable speed motor. The air 
from the fan passed through a long, straight, 6-in. x 12-in. rectangular duct in 
order to eliminate eddy currents. Seventeen feet from the fan, the air passed 
over the 12 in. square test surface which was inserted in the side of the duct 
flush with its inside surface. After this, it was carried through a return bend 
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Fic. 4. PLtan View SHOWING ARRANGEMENT 

or Meter Pirate, Test SPECIMEN, THERMO- 

COUPLE AND Pitot TuBE IN RELATION TO AIR 
Duct 


and brought back to the cold room. This arrangement provided a flow of air 
past the test surface without turbulence. 

The arrangement of the test surface, together with the method of measuring 
the air flow and the air temperatures, can be best understood by referring to 
Fig. 4 which is an enlarged section to Fig. 3. As shown in this drawing, the 
test material was placed with the test surface flush with the inside surface of the 
air duct. The test material varied in thickness from % in. to % in., depending 
upon the type of surface. Heat for the test surface was applied by a hot plate, 
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the quantity of heat being measured by passing it through a heat meter. The 
hot plate was electrically heated with 110-volt direct current, rheostat controlled, 
and ‘checked with an ammeter and a voltmeter to obtain uniform heating 
conditions. 

The meter plate, constructed of % in. Bakelite, was substantially the same 
as the Nicholls heat flow meter. Two parallel series of 28 pairs of 28-gage 
copper-constantan junctions, differentially wound on the plate, were used. Of 
these, one series of 56 couples served to check the other series. Surface 
temperatures of the meter plate were also taken with the aid of three 28-gage, 
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Fic. 6. Constant VELocity Curves ror GLAass SURFACE 


copper-constantan thermocouples on either side. This meter plate was directly 
calibrated on the hot plate test apparatus at the University of Minnesota. Fic. 5 
shows the calibration curve for this meter. The average of the hot and cold 
side thermocouple readings gave the mean temperature of the meter directly 
in millivolts. The curve gives the corresponding number of Btu which will 
flow per square foot per hour per millivolt of the differential couple series. 
A simple multiplication of this value with the differential couple reading gives 
directly the number of Btu flowing through a square foot of the plate per 
hour. This meter plate is many times more sensitive than was the older plate 
used in preparing the previous report. It also has a greater conductance and, 
therefore, allows much more heat to flow from the test surface, thus giving 
a more accurate determination of the surface conductance. Two such meters 
were constructed, and when placed in series on the same test, their readings 
checked within 0.17 per cent. 

The air velocity at varying distances from the test surface was measured 
by means of a Pitot tube and draft gage. For the lower velocities, the Wahlen 
gage was used, but to higher velocities, the inclined draft gage was found 
satisfactory. The air velocity was derived from the formula. 

prego 
V = 12.456 < J = 


where V = velocity of air in miles per hour 
P,= inches of water indicated as the velocity pressure by the Pitot tube 
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w = weight of air as obtained from tables and charts with the aid of ! 
wet- and dry-bulb thermometer readings, together with the baro- 
metric reading. 





Air temperatures were measured by a 24-gage, copper-constantan search 
thermocouple mounted on a carriage arranged so that it could be moved in and 
out from the test surface and held at any predetermined distance. Tests were 
made both with a shield between the thermocouple and the test surface, and 
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without it. It was found that, at the comparatively low temperatures used, 
radiation had no effect on the temperatures indicated by the couple. Therefore, 
most of the tests were made without this shield. All thermocouple readings were 
read on a potentiometer ; the cold junction in all cases was an ice-bath. 

It will readily be seen that with this set-up varying air velocities could be 
obtained over the test section. The velocity and temperature of the air could 
be accurately measured at any distance from the surface. The air temperatures 
were kept constant by holding a constant temperature in the refrigerating room. 
This was done by setting the refrigerator to give air at a slightly lower tem- 
perature than that required. The air was brought up to the required temperature 
by a thermostatically controlled electric heating element placed within the room. 
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Fic. 9. ConsTANT MEAN TEMPERATURE CURVES 
FOR BricK SURFACE 


By this means, very constant temperatures could be maintained throughout any 
length of test period. 

In order to obtain average radiation conditions, the inside surface of the 
test duct was painted a dull gray, and all of the pipe outside the refrigerator 
was covered with a one-inch thick blanket insulating material. With this 
arrangement, the surfaces immediately around the test surface were at substan- 
tially the same temperature as the surrounding air, practically the same as that 
for the average wall. The insulation also prevented condensation on the outside 
of the air duct when low temperature air was used. 

In determining the surface temperatures, two different methods were tried. 
First, the couple was embedded to bring the junction flush with the test surface ; 
second, it was rigidly attached to the surface and covered with a thin vellum 
paper. When the thermocouple was embedded, the difference between the air 
temperature and the indicated surface temperature was greater than when it 
was placed on the surface, and, therefore, the calculated surface coefficients were 
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somewhat lower. This difference was not great, however, and seemed to be due 
to the fact that couples were affected by the lower and warmer material below 
the surface. The second method was finally selected. The surface couples were 
made with 28-gage copper-constantan wire flattened out at the junction, thus 
giving a very thin couple at the point of contact. 


In the assembly of the test apparatus, the test surface, together with the heat 
meter and the hot plate, were placed in the side of the air duct and clamped in 
place with specially designed clamping screws. The conditions of air velocity, 
air temperature, and surface temperature were then selected, and the apparatus 
was operated under these conditions for a sufficient length of time to assure 
uniform results. The air velocity for the test was measured at the center of the 
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Fic. 16. CoNSTANT VELOCITY CURVES FOR CONCRETE SURFACE 


duct, because this would be the maximum air velocity over the test surface. 
The air temperature was measured by placing the search thermocouple one inch 
from the test surface. Preliminary tests had shown that when the thermocouple 
was placed in contact with the test surface and gradually moved away from it, 
the temperature steadily dropped until the couple was about %4-in. from the 
surface, after which this temperature remained uniform and equal to the air 
temperature, regardless of distance. One inch distance was therefore taken to 
be reasonable, and was maintained throughout all tests. 

The obtaining of an accurate test necessitated the holding of constant condi- 
tions over a considerable length of time. Data for a test were not taken until 
preliminary observations, taken at fifteen minute intervals, showed that the 
heat flow, room, surface, and air temperatures, and air velocity were constant. 
These readings took three or four hours between tests. A test consisted of 
recording the following data: 

1. Type of surface. 
2. Test number, date, time, name of observer. 
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3. Barometric reading, wet- and dry-bulb. temperatures. 

4. Voltage on blower-fan and inlet damper-setting. 

5. If Wahlen gage were used, air temperature to determine the specific 
gravity of the alcohol in the gage. 

6. Pitot tube readings at distances varying from 0.125 in. to 3 in. from 
the test surface. 

7. Differential, hot, and cold meter plate readings. 

8. Hot plate voltage and amperage. 

9, Surface temperature. 

10. Air temperatures at distances from the surface varying from 0.1 in. 
to 3 in. 


Because all temperatures were taken at or near the center of the meter plate 
and the test surface, and because the meter plate and the test surface were very 
thin, no allowance was made for end loss of heat from these plates. As an 
additional precaution, the edges of these plates were insulated with heavy 
layers of felt to stop any heat loss. Mean temperatures for a test were taken 
as the average between the air temperature and the surface temperature of 
the test specimen. 


Values of the surface conductance for each test were obtained by dividing the 
total heat leaving the test surface per square foot per hour by the temperature 
difference between the surface and the air one inch away from the surface. 
Values of the surface conductance of any one surface vary with the mean 
temperature and the air velocity. Keeping one of these two variables constant, 
a series of tests were made to determine the effect of the other and the results 
were plotted in the form of a curve. 


Surfaces which were considered to be most typical of building construction 
were used for these tests. In making tests on each surface, several different 
air velocities were selected and runs were made at different mean temperatures 
for each velocity. The following surfaces were tested: glass, brick, white 
paint on pine, smooth plaster, clear white pine, rough plaster, concrete, and 
stucco. Very complete tests were made on the first three of these surfaces, four 
or more points being taken for each respective air velocity at different mean 
temperatures ranging from zero to 100 F. It was found that these points lay 
practically on a straight line and that when they were plotted on a large scale 
graph and the lines were extended, these lines crossed the line of zero surface 
conductance at absolute zero mean temperature, or, in other words, that with 
total absence of heat, the surface conductance was zero. This was true of all 
surfaces tested. 


As representative of a typical test, the complete data taken for smooth plaster 
are shown in Table 1. Final results for all of the tests are shown in Figs. 6 to 


22, inclusive. 


Figs. 6 and 7 give data obtained on the glass surface, tests having been made 
at air velocities ranging from zero to 35 mph. Fig. 6 shows the relation 
between surface conductance and mean temperature at certain constant velocities. 
The constant mean temperature curves for glass, Fig. 7, were derived from 
the curves shown in Fig. 6. Reading up the 20 F mean temperature line of 
Fig. 6, points representing surface conductances were read on each of the air 
velocity curves. These points were then plotted against air velocity on the 
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graph shown in Fig. 7 to give the 20 F mean temperature curve. The 40 F, 
60 F, and 80 F curves were obtained in like manner. Other mean temperature 
curves might have been obtained for any limits within the curve of Fig. 6, or for 
limits outside of the curve by extending the constant velocity lines. Other 
values can be interpolated directly from the curve sheet, Fig. 7. Eddy currents 
and turbulent air flow prevented tests from being taken at velocities greater 
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than 35 mph. Rough surfaces caused more difficulty at high velocities than 
smooth ones. 

The curves in Figs. 8 to 21, inclusive, need no specific explanation. They 
represent different surfaces tested and are similar to the curves in Figs. 
6 and 7. 


The curves in Fig. 22 show the surface conductance for each of the materials 
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tested at a mean temperature of 20 F. This mean temperature was selected as 
representative of average wall conditions. From this group of curves, it is 
evident that materials may be placed in groups according to their surface 
characteristics. The curves for glass and white paint on pine coincide, and 
curves for similar surfaces would, no doubt, fall close to this line. The curves 
for clear pine and smooth plaster are substantially the same, and it is assumed 
that curves of other smooth wood surfaces would correspond to them. Brick 
and rough plaster show identical results, and the concrete surface curve lies but 
slightly below them probably because the concrete surface was smoother than 
either the brick or plaster. The stucco surface was very rough and irregular. 
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Fic. 21. ConsTANT MEAN TEMPERATURE 
Curves For Stucco SURFACE 


It is difficult to determine the coefficients for such surfaces, and there would 
doubtless be a variation depending upon the surface irregularity. Tests were 
also made on a sand-coated surface painted white, but no curve sheets are 
included for these tests. Results of this surface, if plotted on Fig. 22, would 
have placed a curve slightly below that for concrete. ‘For all surfaces tested, 
the surface conductances at zero air velocity fall between 1.4 and 2.0. While 
these values were recorded as zero velocities, it is understood that zero velocity 
is impossible to attain with vertical surfaces because of convection currents. 


Whether or not humidity affects surface conductance is a point to be con- 
sidered. If it does, the effect is of small consequence because, although there 
was no provision made for keeping constant humidities in these tests, there was 
no appreciable variance in the results. The. effect of a wet surface on the 
surface coefficients is also a question for further consideration. 


It is significant that the results of the tests showing surface coefficients at zero 
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velocity check closely with those which were obtained in former tests on 
similar materials, using the hot box set-up for built-up wall section tests at the 
University of Minnesota, which set-up does not allow for any movement of air. 


DISCUSSION 


R. E. Backstrom (WRITTEN): Fig. 22 is of principal interest since it 
compares the coefficients of various types of surfaces to each other. These 
curves show that, with a wind velocity of 15 mph, which is commonly 
accepted as an average velocity to use in calculating the overall heat trans- 
mission factors of wall sections, the conductance of all types of surfaces is 
considerably more than the value now tsed and given in THe Guipe as 4.02. 
Rough’ surfaces, particularly, show higher conductances, and even glass, a 
very smooth surface, shows a conductance of about 5.0 At zero air velocity 
the smooth surfaces of glass, clear pine and painted pine have a conductance 
of 1.4, approximately the same as used in Tue Guipe, while the surfaces of 
smooth plaster, concrete, brick, rough plaster and stucco have higher values. 


Applying this correction to the test results of Wall No. 8 as reported in 
the paper Overall Heat Transmission Coefficients Obtained by Tests and by 
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Calculation, by F. B. Rowley, A. B. Algren and J. L. Blackshaw, and pre- 
sented at the 1929 summer meeting of the Society, the coefficient of a frame 
wall having lap siding, paper and wood sheathing as outside construction and 
smooth plaster on wood lath inside, is found to be increased from 0.226 in 
still air to 0.251 with a wind velocity of 15 mph. This value compares with 
0.262, the value reported in THe Guipe 1930. 


With these comprehensive data on surface conductance, and with the data 
that these authors have previously submitted on the conductances of air spaces 
and various building and insulating materials, it is now possible to compute 
with accuracy the overall transmission coefficients for built-up sections. The 
fact that these data are available for different mean temperatures should not 
be overlooked in selecting the proper value to use in making the calculations. 


D. R. Brewster (WRITTEN): Fic. 22 is particularly interesting and valu- 
able because of the clearcut relationship brought out between the conductance 
of materials with a rough surface and those with a smooth surface. One 
is led to wonder why it is that a rough surface in the form of stucco has a 
conductance at the higher velocities nearly twice that of smooth surfaces such 
as glass or painted wood. This might be a worth-while subject for further 
research. - 


It occurs to me that this greater conductance may be due to a considerably 
larger area of exposed surface per superficial square foot of material just as 
mountains have mych more exposed surface per square mile than flat country. 
It may be possible to work out a direct ratio between these factors if some 
method could be devised for measuring the full amount of exposed surface 
on a rough material. 


I note that the velocity measurements were taken in the middle of the 
12-in. flue. I am wondering to what extent the air in actual contact with 
the surface was slowed down by surface friction and whether this friction at 
the edge: of the stream of air should be taken into account in a research such 
as this or whether it may be ignored. 


The value of new data such as these on surface conductance is very apparent 
in the building industries and indicates that a succession of dead air spaces 
in wall or roof construction may have a composite insulating value equal 
to if not greater than much heavier and more expensive solid construction, 
particularly if infiltration is properly taken care of. 


A. P. Kratz anp A. C. WILLARD (WRITTEN): This paper presents results 
on an important aspect of heat transmission, concerning which we have had 
entirely too little actual data. Many years ago we attempted to measure sur- 
face conductances at various air velocities over 10 or. 12 different wall mate- 
rials. The results of our work as presented in University of Illinois Engineer- 
ing Experiment Station Bulletin No. 102 show very ‘satisfactory agreement 
with Professor Rowley’s values for still air, ranging from 1.10 to 2.00 Btu 
for still air as compared with 1.4 to 2.00 Btu in the present paper. 


We did not get the uniform increase in surface conductance with wind 
velocity which Professor Rowley reports in his paper for moving air. Our 
values increased with wind movement quite rapidly at first, but the rate of 
increase with air motion became less and less as the wind velocity rose. It 
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seems to us that some such diminishing rate of increase in surface conduc- 
tance is to be expected with increasing air motion in the case of large areas 
such as exist in actual buildings. If such reasoning is valid, the fact that 
we used much larger test surfaces than the one square foot test surface used 
by Professor Rowley may serve to explain the discrepancy between his surface 
conductances and ours at high wind velocities. For velocities below 15 mph 
the agreement between his average values for moving air and ours is fairly 
satisfactory, and justifies our continued confidence in the calculated heat trans- 
mission coefficients now published in THe GutpE. 


F. C. HoucuHten: A year or two ago it was recognized that there was a 
need for further data on surface transmission coefficients and air space coeffi- 
cients. During the past year data have been supplied by the University of 
Minnesota on both of these subjects and the additional data contained in the 
curves and tabulations in this paper should be helpful in strengthening our 
knowledge of heat transfer and our ability to calculate overall transmission 
coefficients from the various factors that go to make up for the component 
parts of a wall. 


The Laboratory in Pittsburgh is working on another phase of the subject 
of surface coefficients. In this study, the interest is not so much in deter- 
mining the coefficients for a large number of surfaces but rather it has been 
in studying the effects of air velocity and the place with reference to the 
surface, where the air velocity is measured, on the coefficient. The Laboratory 
also hopes to study some other factors, including radiation and convection 
losses from the surface. 


For the few tests already made on two surfaces in Pittsburgh the results 
bear out almost exactly the curve presented today by Professor Rowley. The 
Laboratory will probably publish something further on the subject in the 
near future. 


The most important question before us now in regard to surface transmis- 
sion coefficients is not the value of the coefficients for any particular velocity 
at some particular point near the surface, but rather it is knowledge concern- 
ing the velocity near a wall for any given velocity out in the open. For 
example, when the Weather Bureau station reports a 40-mile wind velocity 
out in the open, what is the velocity parallel to a wall surface at a distance 
of an inch or a half inch from that surface as measured by Professor Rowley 
in his study? That is the particular phase of the subject that the Laboratory 
is working on. 


PRESIDENT HarpinG: The reported results appear to indicate higher values 
than those observed at the University of Illinois in 1914-15. There is perhaps 
a good reason for this difference as the velocity of the air was measured at 
different distances from the surface in: these two series of tests. I believe 
the test data from -the two tests will be found comparable when Director 
Houghten finishes up his correlation data which it is anticipated he will do 
this year. We want to know what the velocity is at a certain distance from 
the surface when the Weather Bureau reports a 15 or 30-mph wind velocity 
in a free and unobstructed space, so that we may find out whether the present 
surface coefficients in common use are right or wrong. 
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WALL SURFACE TEMPERATURES 


By A. C. Witrarp' anp A. P. Kratz,? Ursana, ILLINOIS 
MEMBERS 


A great deal of attention has been devoted in recent years to the so-called surface coefficients 
for building walls, and especially to the ratio which exists between the outside and inside surface 
coefficients, which must be known in order to compute the overall heat transmission coefficient 
for any given wall. 

It so happens that this ratio is always the reciprocal of the ratio of the temperature drops at 
the surfaces at the inside and outside faces of the wall, and hence may be accurately ascertained 
in the case of any existing wall by simply measuring the inside and outside air temperatures 
and the corresponding surface temperatures. 

Such measurements have been in progress at the University of Illinois for several years, and 
a study of the results reveals the fact that an entirely new significance attaches to the inside sur- 
tace temperature of a building wall, and the difference between this temperature and the air 
temperature inside the building. The inside wall surface temperature not only affects personal 
comfort, but may be made use of for estimating the relative thermal values of various walls as 
actually built. 

For example, would you be more comfortable on a zero day in (1) a building with outside 
walls made entirely of thin sheet iron, or (2) a building with outside walls made entirely of thick 
corkboard, provided the same “breathing line’ temperature of 70 F existed in both buildings? 

In other words, the thermal effectiveness of the walls used in a heated or cooled building 
is reflected in the difference in temperature which that wall maintains between the inside air tem- 
perature at the “breathing line’ and the inside wall surface temperature at the same level. This 
paper discusses the new significance of such temperatures and presents actual original data on the 
subject. 


INTRODUCTION 


URING the investigation* of various types of heating systems at the 
D University of Illinois an increasing amount of attention has been given 
to the surface temperatures of the exposed walls of heated rooms as 
actually determined under typical winter weather conditions. In the past, 
much importance has been attached to the air temperatures at various levels 
within the heated rooms, and such temperatures, usually taken at the “breath- 





1 Professor of Heating and Ventilation and Head of the Department of Mechanical Engin- 
eering, University of Illinois, Urbana, Illinois. 

? Research Professor in Mechanical Engineering, Engineering Experiment Station, University 
of Illinois, Urbana, Illinois. 

3 An investigation of warm air furnace heating has been in progress at the University of 
Illinois since October, ‘918, under a co-operative research agreement between the National Warm 
Air Heating Association and the University. Six Engineering Experiment Station Bulletins and 
one Circular have already been published. 

An investigation of direct systems of steam and hot-water heating has also been in progress 
since April, 1926, under a similar co-operative research agreement between the Institute of Boiler 
and Radiator Manufacturers, the /ilinois Master Plumbers’ Association, and the University. Two 
Engineering Experiment Station Bulletins have already been published. 

* Presented at the Semi-Annual Meeting of the American Society oF HeaTING anp VEN- 
TILATING EnGineers, Minneapolis, Minn., June, 1930. 
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ing line” 5 ft above the floor, have been regarded as a measure of heating plant 
performance. Any plant which maintained 70 F at the breathing line in coldest 
weather was supposed to satisfy the heating guarantees and the occupant. 

The occupant has not always agreed with this idea. In the first place, he 
occupies a zone at an average height of 2 ft 6 in. above the floor where the 
air is always colder* than at the breathing line. How much colder depends on 
the type of heating plant and heating unit and house construction, but is not 
the subject of the present discussion, important though it is. In the second 
place, but possibly of more importance than the first item, the occupant is also 
subjected to the radiation effect of the cold surfaces of the exposed walls and 
glass (assuming floors and ceilings are next to heated spaces), which are 
always colder than the air in the room at the same level. 

There is nothing particularly novel about the preceding statement, but the 
heating engineer appears to have taken very little interest in this fact aside 
from the academic reference made to it in setting up the general equations for 
heat flow through any wall. The surface temperature on the inner, or room 
side, of the exposed wall is usually denoted as (t,), and, “since it is unknown,” 
is promptly eliminated from the final equation and from the reader’s mind. 
Unfortunately, the occupant in the actual room is keenly conscious of its reality, 
and the colder the weather and the poorer the wall construction, the more con- 
scious of his cold surroundings he becomes even though all “breathing line” tem- 
peratures are exactly 70 F. 


SUMMARY OF RESULTS : 


Actual measurements, over a considerable period of time, of both air and 
wall surface temperatures, at the Research Residence (Fig. 1) and at the 
room heating testing plant (Fig. 2) in the Laboratory at Urbana, with the 
breathing line temperature at approximately 70 F in all cases, show: 

(1) A rapid increase in the difference between air temperatures at the 
“breathing line” and the inner wall surface temperatures at the same level, 
as the outside air temperature drops. 

Reference to Fig. 3 will show that when the indoor-outdoor air temperature 
difference increases from 20 to 70 F, the difference between the temperature of 
the air at the breathing line and the inner wall surface increases from 2.5 to 
12.5 F, although there is no change in the indoor air temperature at the breathing 
line. If the occupants were just comfortable in the first case when the outdoor 
air temperature was approximately 50 F, they will not be comfortable in the 
second case when the outdoor air temperature was approximately 0 F. 

(2) For any given outside air temperature, the inside air to surface dif- 
ference in temperature increases with the outside wind velocity over the wall. 

The very marked effect of wind velocity on the “inner air to surface” dif- 
ference in temperature is strikingly shown in Figs. 4 and 6 which present 
data from the room heating testing plant in the Laboratory. Note the drop 
and change in slope of the inside wall surface temperature curve caused by 
wind (curve No. 3 compared with curve No. 2). 

(3) At any outside air temperature, the “inner air to surface” difference 


# University of Illinois Engineering tse eae Station Bulletins No. 189, pages 60 and 61, 
67 and 68, and No. 192, pages 40 to 44, 
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in temperature is greater than the “outer surface to air” difference in tem- 
perature, except for still air conditions. 


An inspection of Fig. 3 at any indoor-outdoor air temperature difference 
shows the temperature difference A is always greater than B. 


(4) For a wall exposed to actual weather conditions with wind velocities 
ranging from 5 to 10 mph, the ratio between the “inner air to surface” dif- 
ference and the “outer surface to air” difference in temperature increases rapidly 
as the outside temperatures drop. 


This fact has never been recognized or allowed for in heat loss calculations 
for moderate temperature differences. The decided increase in this ratio occur- 
ring at the Research Residence is shown in Fig. 3, from which it may be noted 
that the “inner air to surface” difference in temperature A is not only greater 
than the “outer air to surface” difference B, but the ratio A/B also increases 
from 1.30 to 1.83, with the same wind velocity in all cases. Reference to 
Fig. 6, however, for the Laboratory plant indicates that at approximately the 
same wind velocity, the ratio A/B is practically constant at a value of 3.2 
over the whole range of outdoor temperatures. 


A number of factors are present in the case of the wall at the Research Resi- 
dence that are not present in the Laboratory plant. The principal difference 
in the two cases is that the wall in the Research Residence is always under the 
influence of some solar radiation, or “sky-shine,’ even on dark and cloudy 
days. This effect is completely lacking in the case of the wall in the Laboratory 
plant. An explanation of the difference in the behavior of the two walls can 
be based on the hypothesis that this difference is caused entirely by solar radi- 
ation. If the latter is present, the outside surface of the wall will be warmed 
and the ratio A/B will be correspondingly reduced. Furthermore, if the radi- 
ation is more intense, or the ratio of sunshine to no sunshine is greater on mild 
days than on colder ones, the ratio A/B will be reduced more in mild weather 
than in cold. This is exactly the condition shown in Fig. 3. 


In the case of the Laboratory plant (Fig. 6), where the sun or solar radiation 
effect is absent, there is no warming effect to be correlated with the milder tem- 
peratures, and a constant value of the ratio A/B over the whole temperature 
range is to be expected. Since there is no warming effect from solar radiation, 
it is also evident that the actual value of the ratio will be higher than for the 
case in which the solar radiation is present. These hypotheses are also supported 
by the results shown in Fig. 6. 


The conditions at the Laboratory plant, with the total absence of solar radiation, 
are similar to the laboratory conditions under which the ratios commonly used 
in practice were determined, and it is of some interest to note that the usual 
assumption of a ratio of approximately 3 to 1 at about 15 mph wind velocity 
corresponds very closely with the ratio of 3.2 to 1 found in the Laboratory 
plant. Furthermore, even in the case of the Research Residence, where the solar 
radiation somewhat modifies the ratio, the value of 1.83 to 1 obtained at 70 F 
indoor-outdoor difference and 10-mile wind velocity, when corrected to a 15- 
mile wind velocity, is reasonably close, for all practical purposes, to the ratio 
of 3 to 1 usually assumed. The fact that such modification occurs, however, 
should always be taken into consideration where walls exposed to actual weather 
conditions are concerned. 
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(5) The ratio between the “inner air to surface” difference and the “outer 
surface to air” difference in temperature increases rapidly at any given outside 
air temperature as the outside wind velocity increases. A fact which is recog- 
nized and allowed for in heat loss calculations by making the outside surface 
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coefficient greater than the inside surface coefficient. For an inside-outside air 
temperature difference of 70 F with 15-mile wind velocity, the ratio is ordinarily 
assumed to be approximately 3:1, ranging from 2.5:1 to 3.5:1. Note especially 
that the 3:1 ratio does not apply precisely for 15-mile wind velocity at an 
inside-outside air temperature difference much less than 70 F, since the ratio is 
affected by the inside-outside air temperature difference as well as the outside 
wind velocity. 
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Reference to Figs. 4 and 6 from the Laboratory plant will show that the ratio 
of “inner air to surface” temperature difference to “outer surface to air” tem- 
perature difference increases from approximately 11.6/11.5=1.00 for still air 
to 17.5/5.5=3.18 for a wind velocity of approximately 10 mph. 

Attention is again directed to the absence of solar radiation or “sky-shine” 
in this plant which operates to reduce somewhat the temperature of the outside 
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Fic. 4. TEMPERATURE GRADIENTS THROUGH WALL SECTION oF LABORATORY 
PLANT 


wall surface below that for an actual house, and hence the ratio of 3.18 at 10- 
mile wind velocity is larger than for the same wind velocity at the Research 
Residence. 

(6) Walls exposed to sun effect, especially south walls, show marked 
reduction in “inner air to surface” differences in temperature (improving per- 
sonal comfort) for many hours during, and for some time after periods of 
sunshine. See the period from 7:30 a. m. to 10:00 p. m. on January 7, 1929, 
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Fig. 5, and note that the sun effect lasted long after sunset and darkness, 
although the outside air temperatures ranged only from 3 F to + 7 F during 
this period. 


The “outside wall to air” difference in temperature show tremendous increases 
for the same south wall during periods of sunshine, ranging from a difference 
of 8 F at 7:30 a. m. to 43 F at 11:00 a. m. on January 7, 1929, Fig. 5. 


(7) On cloudy days, there is apparently very little distinction between the 
“inner air to surface” difference in temperature of north and south walls. The 
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same statement applies almost equally well to the “outer surface to air” dif- 
ference in temperature. See Fig. 5, excepting the period from 7:30 a. m. to 
3:30 p. m. on January 6, and the period from 7:30 a. m. to 10:00 p. m. on 
January 7, 1929, when sun effect was more or less active. 

It is noteworthy, however, that the outside surface temperature of the south 
wall was always slightly higher than the outside surface temperature of the 
north wall even with no sunshine and at night. 


CONCLUSIONS AND A SUGGESTED AFPLICATION 


(1) Entirely too little attention has been given to the radiation effect of the 
inside surfaces of exposed wall and glass on the personal comfort of the occu- 
pants of heated rooms, especially during “coldest weather.” 


(2) The use of air temperatures at the “breathing line” alone, as the sole 
index of satisfactory thermal conditions for room occupancy, is crude and 
may result in much dissatisfaction on the part of the occupants, since they are 
subjected to much colder air temperatures at the “comfort line” 2 ft 6 in. 
above the floor, and also to the radiation effect of much colder exposed wall 
and glass surfaces at all levels in the room. 


(3) The present ratio of 3:1 for the outside to inside surface coefficients 
used in the academic calculations of heat transmission coefficients of solid 
walls and glass is only valid for an inside air to outside air temperature 
difference of approximately 70 F and a wind velocity of approximately 15 mph. 
Both air temperature difference and wind velocity affect this ratio. 


(4) Unquestionably, a distinction should be made between north and south 
rooms having exactly the same calculated heat loss, and the same wall and glass 
exposure, in selecting the sizes of heating units or capacities for such rooms. 
The distinction should be accomplished by an addition to the heating equipment 
of the north room, and not by a reduction for the south room. 

Temperature control or regulation, preferably automatic, is far more impor- 
tant in south rooms than in north rooms, as attempts to control an entire 
-uilding from the main unit cannot be successful on sunshiny days. 


(5) The effective insulation of buildings assumes an entirely new significance ~ 
when the differences between the inside air and inside wall or glass surface 
temperatures for various types of wall construction and glazing are considered 
and compared. Effective wall and glass insulation accomplishes two things: 
(1) it reduces heat loss, which is obvious, but from the standpoint of the 
comfort of the occupants it may render a far more important service in that, 
(2) it increases the inside wall or glass surface temperatures very materially 
in severe winter weather and thereby reduces the radiation or chilling effect 
of the cold wall and glass surfaces on the occupant for the same breathing 
line air temperature in the room in both cases. 


(6) The Application—Comparisons of the effectiveness of various types of 
insulation applied to building walls and glass, or of two or more uninsulated 
walls after the buildings are erected and occupicd and under heat can be made 
in the field, by merely measuring the air and wall surface temperatures inside 
and outside the building. It is desirable to make these temperature measure- 
ments either at night or on a cloudy day. Under no circumstances should they 
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be made on any wall upon which the sun is or has been shining with any in- 
tensity whatever. 

By means of a portable thermocouple outfit® for reading surface tempera- 
tures (one inside and one outside) and the corresponding air temperatures, it 
is possible to check up the heat transmission and most certainly give any 
actual wall an exact rating in terms of some standard wall. If the measured 

® Under no circumstances should the attempt be made to read these surface temperatures with 


ordinary mercury in glass thermometers attached to the surfaces. The authors have found that the 
resulting errors are relatively, very large. 
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difference between the inner wall surface temperature and the inside air tem- 
perature is less than for some standard wall, for the same inside and outside 
air temperatures (taken from a chart similar to Fig. 3) then it is a better 
wall, and a scale of values for walls and glass can easily be set up. 

Moreover, the predicted performance of any wall may be checked against 
its actual performance as finally constructed, by comparing the actual measured 
surface temperatures with the calculated surface temperatures for the same 
wall. The calculated® surface temperatures are readily found for any given 
inside and outside air temperatures and wind movement such as may exist on 
the day the air and surface temperatures were actually measured. For example: 

Assume two walls, No. 1 (insulated) has an overall heat transmission 
coefficient, U,—0.12 Btu per sq ft per hour per degree, and No. 2 (uninsulated) 
has a value of U,—0.24Btu. Surface coefficients will be the same in both 
cases, fin—=1.34 and fou—3 X fin=4.02 for the same wind movement (taken 
at 15 miles in both cases) and air temperatures taken at, t==70 F and ¢t,—0 F. 


Wall No. 1 
=U, xX (t—t.) = 012 K 70 = 84 Btu 
=f: X C—t) = 1.34 (70 — t,) = 84 
1.34 t, = 93.80 — 8.4 = 85.40 
t, = 63.7 F inside wall surface. 
H=f. X (tz —t.) = 4.02 (t, —0) = 84 


4.02 t, = 8.4 
t, = 2.09 F outside wall surface 
Wall No. 2 


H=U, X (t—t.) = 0.24 « 70 = 168 Btu 
H=fi X (t—t,) = 134 (70 —t,) = 168 
1.34 t, = 93.8 — 16.8 = 77.0 
t, = 57.4 F inside wall surface. 
The outside ¢, may be calculated as before, or since 


(t, —t) =— X (¢—4t,) = — X 126 = 42 F. 
3 3 


t, — 4.2 F outside wall surface. 


Note :—Actual surface temperatures read directly from the curves of Fig. 5 
for a 70 F indoor-outdoor difference and corrected to a breathing line air tem- 
perature of 70 F and outside air temperature of 0 F for a wall similar to No. 2 
show: 

t, (measured) = 60 — 2.5 = 57.5 F inside surface (calculated = 57.4 F). 

t, (measured) = 9 — 2.5 = 6.5 F outside surface for an average wind veloc- 
ity of about 10 mph. At a wind velocity of 15 mph. the outside surface tem- 
perature would have been decidedly lower, and would have more nearly agreed 
with the calculated value of 4.2 F. It is to be noted that the inside surface 
temperature would have been lower also at a wind velocity of 15 mph. but it 
would only be affected about one-third as much as the outside surface tempera- 
ture, and would still be in good agreement with the calculated value of 57.4 F. 

It will be evident that with a portable thermocouple outfit for actually measur- 
ing t, and ¢t, on a zero day with the breathing line temperature of the air in 


* Data for calculation taken from Chapter I of Tue Gurpe, 1929, American Society oF 
HEATING AND VENTILATING ENGINEERS. 
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house at 70 F, one could readily rate the actual wall as built against walls No. 1 
and No. 2. The air temperatures selected do not have to be 70 F and zero, but 
are whatever exists on the day of the test, although a fairly low outside tem- 
perature is desirable, and the surface temperatures should be taken on a north 
wall on a cloudy day or at night. 
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HOW COMFORT IS AFFECTED BY SURFACE 
TEMPERATURES AND INSULATION 


By Paut D. Cuose," New York 
MEMBER 


The importance of a hitherto neglected factor in the design of a heating system and the 
maintenance of the proper atmospheric conditions in a building, has recently been emphasized by 
Professors Willard and Kratz of the University of Illinois.* This factor relates to the radiation 
of heat from the body to cold surfaces, producing a feeling of chilliness, even under conditions 
which ordinarily would be considered satisfactory from the comfort standpoint. This paper 
contains a discussion of bodily comfort, including the effect of the heat emitted by radiation, 
as well as a mathematical analysis of surface temperatures, the direct relation of insulation 
thereto, and the consequent indirect relation of insulation to comfort. 


pheric environment depended solely on the temperature registered by 

the dry-bulb thermometer. However, the investigations at the Research 
Laboratory of the AMERICAN SocIETY OF HEATING AND VENTILATING ENGI- 
NEERS,® and at the Harvard School of Public Health, have disclosed the fact 
that the sensation of comfort depends not only on the dry-bulb temperature of 
the air, but also on the amount of moisture it contains and the rate of air mo- 
tion. Dry air at a relatively high temperature may feel cooler than air of 
considerably lower temperature with a high moisture content, and air motion 
makes any moderate condition feel cooler. These tests were used as the basis 
of an experimentally determined scale, known as effective temperature, which 
is a true measure or index of a person’s feeling of warmth in all combinations 
of temperature, humidity and air motion. 


[ NTIL a few years ago it was thought that the comfort of our atmos- 


RELATION OF WALL AND CEILING TEMPERATURES TO COMFORT 


As pointed out by Professors Willard and Kratz, there is also another factor 
to be considered in many cases, namely, the temperature of surrounding ob- 
jects, particularly the wall, window and ceiling surfaces, if adjoining unheated 
spaces. In the process of metabolism, heat is continually being radiated from 
the body to the colder surrounding surfaces. Since, according to the Stefan- 
Boltzman law, the rate at which heat is emitted from the body by radiation is 

1 Technical Secretary, AMERICAN Society OF HEATING AND VENTILATING ENGINEERS. 
2See Wall ie s eee by Willard and Kratz, p. 447. 
®See A. S. H. V. Transactions, Vols. 28 to 34 inclusive. 


Presented at the P Wg ere Meeting of the American Sociery or HEATING AND VEN- 
TILATING EnGinerrs, Minneapolis, Minn., June, 1930. 
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proportional to the difference of the fourth powers of the absolute temperatures, 
the effective temperature scale applies only when the temperature of the sur- 
rounding objects is at or near the surface temperature of the skin, and does 
not take into consideration any appreciable difference which may exist between 
the wall and skin temperatures. 

Valuable information on the subject of body radiation is contained in Smith- 
sonian Institution Publication, No. 2980, by L. B. Aldrich, entitled, A Study 
of Body Radiation. Reference is made to experiments conducted in the Nutri- 
tion Laboratory of Carnegie Institution in Boston, and in the Smithsonian 
Institution in Washington. The Smithsonian experiments were made at the 




















Fic. 1. Section THrouGH WALL SHOWING TEMPERATURE 
GRADIENT 


request of the New York Commission on Ventilation, and the results of these 
experiments, as well as those conducted at the Carnegie Institution, are sum- 
marized in the aforementioned publication as follows: 


1. The radiation from the skin and clothing is approximately that of a black 
body or perfect radiator. 

2. A cloth-covered, vertical, cylindrical calorimeter at body temperature loses 
in still air 60 per cent by radiation and 40 per cent by convection. A similar 
horizontal calorimeter loses 54 per cent by radiation and 46 per cent by con- 
vection. The human body convection loss is probably similar to this, that is, 
the convection loss is roughly one third less than the radiation loss, in still 
air and normal room temperatures. 

3. Increasing air motion rapidly decreases the percentage radiation loss and 
increases the convectional. 


4. Total body radiation similarly decreases with air motion. 


5. Increase in room temperature (which also means increase in wall tem- 
perature) produces a progressive lowering of radiation loss. 
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6. Keeping room and wall temperatures unchanged, the temperature of skin 
and clothing decreases with increasing air motion, the decrease being greatest 
on the side facing the wind and about one half as great on the side away from 
the wind. The clothing temperature drop on the side towards the wind is 
about one third greater than the corresponding skin temperature drop. 

7. At normal indoor temperature, in still air and with the subject normally 
clothed and at rest, body heat losses are distributed as follows: 


MING OE GENE 6 n.00'0 30556504 2 sees Si soccas cadens 24 per cent 
MI Sodan cc sa oo. pia bdhb-<6 Ga uae eee aah anaes Cete 46 per cent 
rrr ere Leeakath ener pacinaen eRe 30 per cent 


8. The air temperature falls to room temperature very rapidly as the distance 
from the body increases. That is, there is a steep temperature gradient in the 
first 4% in. or so from the body surface. With the thermoelement about 12 in. 
away, no effect of the presence of the body could be detected. 


9. The radiation loss from a nude subject is about twice as great for a room 
temperature of 59 F as it is for a room temperature of 79 F. 

10. Normal fluctuations in humidity indoors produce negligible effect upon 
the radiation loss. Were the air of the room exceedingly dry, changes might 
be noticeable. 

Particular attention is called to Item 5 to the effect that an increase in wall 
temperature produces a decrease in the radiation loss. Consequently, if the 
wall and ceiling temperatures are increased sufficiently, a lower room temper- 
ature is permissible, provided the relative amount of window surface is not 
excessive. This is one of the principal features of the panel system of heating 
extensively in use in England,* in which the heating pipes are embedded in 
the walls or ceiling, and hot water forced through them to maintain the sur- 
faces at a temperature of about 75 F. The increased surface temperature 
decreases the heat loss from the body by radiation, and thereby permits the 
maintenance of a lower room temperature, which results in fuel economy. 


Attention is also called to Item 9 to the effect that the radiation loss was 
about twice as great for a room temperature of 59 F as it was for a room 
temperature of 79 F. This result was obtained from experiments conducted 
by Dr. C. G. Abbott and Dr. F. G. Benedict, in the Carnegie Institution in 
Boston. That the radiation loss increased with the decrease in the room tem- 
perature was no doubt due primarily to the fact that the lower room temper- 
ature resulted in a lower wall temperature, with a consequent increase in the 
difference between the wall, window and skin temperatures. Of course, lower- 
ing the room temperature would also tend to lower the skin surface temperature, 
but on a cold day the wall surface temperature apparently decreases to a 
greater extent than the skin surface temperature for a given reduction in the 
inside air temperature. According to Du Bois, when the room temperature 
is lowered, one changes one’s integument into a suit of clothes and restores the 
zone where the blood is cooled from the skin to a level some difference below 
the surface. 

If the temperature of the interior surfaces is suificiently lower than the body 
surface temperature, the feeling of chilliness will result even though the normal 
effective temperature is maintained. This, as previously stated, is due to the 





*See Panel Warming, by L. J. Fowler, A. S. H. V. E. Journat (Heating, Piping and Air 
Conditioning), January, 1930. 








462 TRANSACTIONS AMERICAN SociIety OF HEATING AND VENTILATING ENGINEERS 


increase in the loss of heat from the body by radiation. Since the rate at which 
heat is given off from the body by radiation increases as the temperature dif- 
ference between the body surface and the wall and ceiling surfaces increases, 
the sensation of chilliness will increase to some extent as the wall surface 
temperature decreases, unless the increased loss of bodily heat by radiation 
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is counterbalanced by an increase in the room temperature. Likewise, the less 
the heat resistance of the wall, the lower the interior wall surface temperature 
for the same outside temperature, and the greater will be the sensation of 
chilliness for the same effective temperature. Consquently, if the walls of a 
building are poorly insulated, or if they contain a large percentage of window 
surface, the effective temperature must be increased in cold weather to offset 
the increased loss of heat from the body. 
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EFFECT OF INSULATION ON SURFACE TEMPERATURE 


Inasmuch as the wall surface temperature is a function of the overall heat 
resistance of the wall, the addition of a given thickness of insulation will 
materially increase the surface temperature, and permit the maintenance of 
the normal effective temperature, provided the relative amount of window sur- 
face is small. Under the circumstances, the insulation will result in a double 
heat saving, first, that due to the lower temperature difference, and second, 
that due to the retarding of the rate of heat transfer through the wall. 


A study of the variation in the wall surface temperature with the various 
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factors affecting this temperature may be of interest. The temperature of the 
interior surface of a wall (see Fig. 1) may be determined from the following 
formula 


Lat (t—t.) (1) 
where— 

t, = temperature in degrees Fahrenheit of the interior wall surface 

t = inside air temperature 

t, = outside air temperature 

U = coefficient of transmission of wall in Btu per hour per square foot per 

degree Fahrenheit difference in temperature 

f = film conductance of interior wall surface expressed in Btu per hour per 

square foot per degree Fahrenheit difference in temperature between 
the air in the room and the wall surface. 

From formula (1) it is apparent that the wall surface temperature is a func- 
tion of the inside and outside air temperatures, the coefficient of heat trans- 
mission of the wall and the interior surface or film conductance of the wall. 
Sun effect also has a bearing on the inside surface temperature, but is neglected 
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in this analysis. Consider an 8-in. brick wall with % in. of plaster applied 
directly to the interior surface, the coefficient of transmission of which (ac- 
cording to the A.S.H.V.E. Guipe 1930) is 0.356 Btu per hour per square 
foot per degree Fahrenheit difference in temperature. If the inside and outside 
temperatures are 70 F and 0 F, respectively, and the surface conductance is 1.34, 
the temperature of the interior wall surface will be 


0.356 
t, = 70—F3y (70—0) = 51.4F 


VARIATION IN SURFACE TEMPERATURE WITH Various FActTors 


The curve (Fig. 2) illustrates the variation in the wall surface temperature 
with the coefficient of transmission (U) of a wall, assuming the inside and 
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outside air temperatures to be constant at 70 and 0, respectively, and the sur- 
face conductance to be 1.34 (average value used in The A.S.H.V.E. Guipe 
1930). It will be noted that if U has a value of 1.00—which is the approximate 
coefficient of a sheet metal wall (flat surface) when exposed to a wind velocity 
of 15 miles per hour—that the wall surface temperature is only 17.8 F. If the 
curve were extended, ¢, would be equal to t¢, when U = f or 1.34. As the co- 
efficient of the wall (U) approaches 0, the inside surface temperature ap- 
proaches the inside air temperature (¢) which in the case is 70 F. If the 
8-in. brick wall under consideration is insulated with 1-in. of rigid insula- 
tion having a conductivity of 0.33, so that the coefficient is reduced 
to 0.148, the inside surface temperature would be 62.3 F for the conditions 
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involved. Hence, the insulation in this case, together with the air space 
resulting from the installation thereof, would increase the surface tempera- 
ture 10.9 F on a zero day, and would therefore have a marked effect upon 
the degree of comfort of the room, because of the resulting reduction in the 
loss of heat by radiation. An increase in the surface conductance increases 
the surface temperature when the other factors remain constant, as will be 
seen from Fig. 3. For a still air conductance of 1.34, an 8-in. brick wall with 
y-in. of plaster, will have a surface temperature of 51.4 F as previously stated. 
If the velocity of air passing over the surface is increased, the surface con- 
ductance will increase. At a conductance of 2.00, which would result from 
a slight wind movement, the surface temperature will be increased 6.1 degrees 
to 57.5 F, assuming the inside and outside temperatures to be 70 F and 0 F, 
respectively. Although the value of U will increase slightly with an increase 
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in the surface conductance, it is assumed constant in this case, as this as- 
sumption will not appreciably alter the results. If the velocity of the air passing 
over the interior surface is increased to about 15 mph, the surface conductance 
will be 4.02, assuming the 3 to 1 ratio used in THe Guipe 1930, and the surface 
temperature will be about 63.8 F, an increase of 12.4 over the still air 
condition. 

It is apparent that an increase in the outside temperature will increase the 
interior surface temperature, whereas a decrease in the inside temperature 
will decrease the interior surface temperature. These relationships are shown 
graphically by Figs. 4 and 5. For the type of wall under consideration (8-in. 
brick, %4-in. plaster), the inside surface temperature increases from 46 F to 
64.7 F when the outside temperature is 50 F, assuming that the inside temper- 
ature remains constant at 70 F. If the inside air temperature varies, the wall 
surface temperature will increase from 29.4 F when the inside temperature is 
40 F, to 58.8 F when the inside temperature is 80 F, assuming that the outside 
temperature remains constant at 0 F, 
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X The inside temperature is usually about 70 F and the surface conductance 
may be considered constant for walls and ceilings, and having a value of 1.34. 
Hence, in most cases the only variables to be taken into consideration are the 
outside temperature and the coefficient of transmission of the wall. The chart 
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(Fig. 6) may therefore be used for estimating the wall surface temperature for 
any combination of these two variables. 


WINDOws 


Window surface temperatures for single glass are considerably lower than 
wall surface temperatures on a cold day. Hence, if the exterior walls of a 
room contain an excessive amount of glass, double or triple windows will 
materially reduce the loss of heat from the body by radiation. The coefficient 
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of transmission (U) of single glass, based on a wind exposure of 15 mph, 
is 1.13 (A.S.H.V.E. Guipe 1930) and the still air surface conductance (f) 
is 1.50. Hence, on a zero day, with an inside temperature of 70 F, the glass 
surface temperature will be— 
1.13 
t, = 70— 150 (70—0) = 17.3 F 

With double glass, the surface temperature will be 49 F, based on a co- 
efficient of transmission of 0.45, and with triple glass the surface temperature 
will be 56.9 F, based on a coefficient of 0.281. Therefore, double glass used 
in place of single glass will increase the surface temperature on a zero day to 
the extent of 31.7 deg, whereas triple glass will increase the surface temperature 
39.6 deg. Consequently, the effect of double or triple glass in the case of win- 
dows is even more pronounced than the effect of insulation in the case of walls; 
hence the importance of using double or triple glass in a room having a large 
amount of window surface. 


INSULATION AND Heat Loss By RADIATION 


The Stephan-Boltzman radiation law may readily be applied to a typical 
problem involving the change in wall surface temperature resulting from the 
installation of a given thickness of insulation. The metabolism of the human 
body is somewhat complicated. Heat is given off not only by radiation but 
also by convection and evaporation of water. The physiological processes are 
continually striving to adjust themselves to the surrounding atmospheric en- 
vironment in order to equalize the heat produced and the heat given off from 
the body, and thereby to maintain bodily comfort. Hence, any change in the 
loss of heat by radiation may also involve a change in the loss by convection 
and evaporation as well as a change in the temperature of the exposed skin. 
These changes do not readily lend themselves to mathematical analysis, and for 
the sake of simplifying the calculations, an inanimate object instead of the 
human body will be considered in the following problem. 

Assume the surface of an object (A, Fig. 1) to be maintained by electrical 
means or otherwise at a constant temperature of 90 F in a room temperature 
of 70 F. Except for the changes in physiological reactions, this object may 
be considered analogous to a human body in this analysis. The problem is 
to determine the decrease in the rate of heat emission by radiation from this 
object to the exterior walls on a zero day resulting from the installation of 
a l-in. thickness of a flexible insulation to the brick veneer frame walls of 
the room. 

The coefficient of transmission of the uninsulated wall is 0.247 (A.S.H.V.E. 
GuipE 1930), and the surface temperature, according to formula (1) is ap- 
proximately 57 F. The absolute temperature, therefore, is 57 + 460 or 517 
deg. The coefficient of transmission of the insulated wall is 0.116, the surface 
temperature, 64 F, and the absolute temperature, 524 deg. The decrease in 
the loss of heat by radiation, according to the Stephan-Boltzman law: 

_ [ (5.50)4 — (5.17)4] — [ (5.50) * — (5.24) 4] 
as (5.50)4 — (5.17)* 


= 0.20 or 20 per cent 





__ 200 — 160 

ft 200 
Therefore, under these conditions, the insulation would reduce the rate at 
which radiant heat is absorbed by the wall to the extent of 20 per cent. While 
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this analysis would not apply exactly to a human being, the result is indicative 
in a measure of the effect of the insulation on comfort. An increase in the 
loss of heat from the body by radiation would tend to lower the skin tempera- 
ture. If the temperature of the object were only 75 F, the insulation would 
reduce the rate of heat loss to the wall by radiation, 39.2 per cent. 

Consider the problem from another angle. To what degree would it be 
necessary to raise the inside air temperature in the case of the uninsulated wall 
(disregarding windows) in order to obtain the same rate of heat emission by 
radiation as in the case of the insulated wall? 

In solving this problem, it is merely necessary to equate the radiation emis- 
sion (Q) in the two cases, and solve for ¢ as follows: 


o=0| (SS) (5) | 


= | (Sm =) (Say 


D = radiation constant 
t, = wall surface temperature 
— 64 F 
From formula (1)— 
__ 0.247 





where— 


. 8 — 
1.34 iat 
= 0.816 ¢t and 
¢ =785F 


It would therefore be necessary to increase the room temperature (¢) from 
70 F, in the case of the insulated wall, to 78.5 F, in the case of the uninsulated 
wall, to obtain the same heat loss from A (Fig. 1) by radiation. Of course, 
it probably would not be necessary to increase the air temperature to this 
extent to produce the same bodily comfort—in fact, this dry bulb temperature 
without a correspondingly low wet-bulb temperature would ordinarily produce 
a feeling of lassitude or discomfort—but the result gives a hint of the im- 
portance of insulation from the standpoint of winter comfort, and the necessity 
of increasing the temperature in the zone of occupancy of an uninsulated room 
to offset the increase in the loss of heat from the body by radiation. 
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JOINT DISCUSSION 


Wall Surface Temperatures 
and 


How Comfort Is Affected by Surface Temperatures and Insulation 


J. D. HorrMAN (WRITTEN): Professors Willard and Kratz have here 
offered a simple adaptation of the temperature-drop curves to the rating of 
building walls. Trying to convince a person of the probable heat losses through 
the walls of his own home by making a few calculations on a piece of paper is, in 
most cases, a waste of valuable time. On the other hand, a simple, practical 
demonstration as indicated in the last paragraph of this paper would be an 
object lesson that would carry conviction to the most skeptical. Wall and floor 
insulation for residences is being accepted these days as a desirable thing, but 
the big question with the house owner is, what kind of insulation? With the 
plan suggested it should be an easy matter to compare one wall type wth another 
under any given set of weather conditions and draw reasonably accurate con- 
clusions as to their relative merits. 

C. H. B. Hotrcuxiss (Written): This paper contains the first data 
resulting from field studies which may be readily checked with a similar 
laboratory set-up whereby the effects of the several variables may be separated 
and analyzed individually. 

Under item 3 of the Summary of Results, the authors state: “At any outside 
air temperature, the inner air to surface difference in temperature is greater 
than the outer surface to air difference in temperature, except for still air 
conditions. 


“An inspection of Fig. 3 at any indoor-outdoor air temperature difference 
shows the temperature difference A is always greater than B.” 


Fig. 5 however does not bear this out for at 11:00 a. m. on January 7, 1929 the 
outer surface to air difference is considerably greater than is the inner air to 
surface difference. Consequently it would seem that this should be taken into 
account in the statement. 


Under item 7 of the Summary of Results the authors call attention to the 
following: “It is noteworthy, however, that the outside surface temperature of 
the south wall was always slightly higher than the outside surface temperature 
of the north wall even with no sunshine and at night.” 


Fig. 5 shows that during the period when these data were collected there was 
a wind movement of from 3 to 18 mph and that while this wind was from the 
south for some of the time, there was no north wind. Consequently the higher 
outside surface temperature of the south wall occurred in spite of the effect of 
this wind. If the reasoning applied elsewhere in the paper and as brought out 
by Fig. 4 is valid, then if both the north and south walls had been in still air 
the outer surface temperatures of the south wall should have been not slightly, 
but considerably, higher than those on the north wall. Would this not tend 
to show that there may be considerable difference in outer surface temperature 
between the north and south walls on cloudy days when there is little wind 
movement? Also may it not be taken to mean that the effect of sunshine may 
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extend for considerably longer periods than the example shown would indicate ? 
Also if looked at in this light it should tend to strengthen conclusion 4. 


In the numerical examples worked out near the end of the paper the authors 
calculate the inside and outside surface temperatures of a wall having a value of 
U=0.24 Btu. They do this by the use of data which assume a condition of 
steady flow. They then check these calculations by data taken from Fig. 5, 
which were collected during a period when the outside air temperature was 
changing and when it is reasonable to assume that a condition of steady flow 
through the wall did not exist. The agreement must be accounted for either on 
the grounds that the outside air temperature was sensibly constant at the time 
of observation or else that the element of time lag in this particular wall is 
slight and that steady flow is quickly set up in it. One cannot help wondering 
if a field observation similar to that used on the wall of U=0.24 would yield 
a similarly close agreement if applied to a wall with U=0.12 which could be 
obtained only by adding greater bulk of the same material to the existing wall or 
by substituting materials of lower conductivity. Would not the matter of time 
lag and thermal storage make it difficult to apply data obtained under steady 
flow conditions to such a wall when operating under the influence of varying 
outside weather conditions? It is apparent that the use of a field outfit could be 
readily applied to walls of frame residences. Until further information is at 
hand though it seems doubtful if such a method should be applied to walls of 
other types. 


It also seems that the use of a portable outfit might lead to discrepancies 
unless a procedure can be worked out to insure the observation being continued 
over a long enough period to nullify the possibilities of accidental readings such 
as might result if the apparatus were set up for a short time only. The necessity 
for this is quite clearly shown by Fig. 3. In this figure it will be noted that 
there is considerable variation in the readings of the temperatures obtained at 
practically like temperature conditions. The plotted points do not follow the 
mean lines but diverge from them in both directions. Readings taken over a 
short period might thus prove misleading if they should strike a certain set of 
momentary conditions. It would seem that the determination of a suitable 
procedure should not be a difficult matter, and the obvious advantages of such 
a method of rating walls ought to make it well worth any additional attention 
necessary to make it fully workable. 


x Joun Howatr (Written): The effect of cold walls and cold furniture 


upon the occupants of a room has not always been recognized nor considered 
of the importance it actually is. All objects in a room radiate heat to each 
other. In the interchange the warmer objects lose heat to the colder. The 
occupants of a room, therefore, give off heat to the colder walls and furniture, 
the rate being dependent upon the differences in their temperatures. In inter- 
mittent heating such as is practiced in churches and school buildings it is found 
necessary to carry the room temperature at the desired standard for some time 
before occupancy to warm furniture and walls, otherwise the occupants of the 
room will feel uncomfortably cold even though the air temperature as indicated 
by a dry-bulb thermometer is 70 F. The length of time required to warm the 
furniture and walls depends upon the materials and their volume. It is a rule in 
our school work to require that room air temperatures be maintained for 30 min 
before opening of classes in the morning. 
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All studies of recent years emphasize the necessity of good outside wall 
construction. In order that maximum comfort shall be obtained the difference 
between the inside air temperature and the inside wall temperature should be 
small. The experiments of Professors Willard and Kratz show that this 
difference is greatest when the wall insulation is poorest, and least when the 
overall thermal effectiveness of the wall is best. Economy and comfort both 
demand an outside wall construction efficient in preventing heat transfer. This 
informative paper points the way to measure such efficiency. 


The temperature gradients (Fig. 4) show a very abrupt rise from the inside 
wall surface to the room air temperature. One would expect the cold wall 
surface to affect the air temperature to a greater distance than the curves indi- 
cate. The factor of infiltration, always a very doubtful one, will materially 
change the distance from the wall where the air will be at room temperature. 
Figs. 4 and 6 show that wind increases the inside-surface-to-air difference which 
is to be expected as the rate of infiltration increases at the same time. Tight 
wall construction will help. The work of scientists and designers may be 
brought to naught by the indifferent workmanship of an incompetent or unscrup- 
ulous builder. Better building construction is the need of the industry today. 
The bricklayer on the job is not concerned with heat transfer coefficients so 
much as getting the wall up. It is essential of course that all coefficients of heat 
transfer be known, as without complete understanding little progress can be 
made. But after all wall coefficients have been calculated, a generous allowance 
must be made to cover the frailities of the builder because of the human element 
that must be considered on every construction job. A factor of safety must be 
added to take care of the incalculable contingencies that experience has taught 
us will have to be met. 


F. B. RowLey (Written): This paper is a contribution of exceptional value 
to the literature on heat transmission through buildings. It brings out the 
significance of inside surface temperatures, their relation to comfort and the 
manner in which they are affected by wall construction and outside weather 
conditions. Everybody is familiar with the fact that comfort in cold weather 
requires warmer air temperature than in mild weather. This has generally been 


attributed to lower relative humidities. It is now pointed out that another» 


reason for this condition is the lower temperature of the surrounding wall 
surfaces. For a given wall, the inside surface temperature will drop with the 
outside air temperature and wind velocity. The greater this drop, the greater 
the temperature rise of the inside air must be to counteract radiation effects. 
The amount of the inside surface drop will depend not only upon the outside 


weather conditions but also upon the construction of the wall, its resistance to 
heat transmission and air infiltration. If these resistances are high, the inside 


x 


- 


surface temperature will be more nearly equal to the inside air temperature and ” 


the final effect would be a lower required air temperature in the room. 


Referring to Fig. 4, it is significant that the wind velocity on the outside 
surface has lowered the inside surface temperature approximately the same 
number of degrees as it has the outside surface temperature. This seems to be 
explained by air leakage through the outside surface of the wall. If there had 
been no such leakage we should expect the inside surface temperature drop to be 


oa 


much less than the outside surface temperature drop. The effect of this» 


apparent air leakage may be shown by calculating the percentage increase in 
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heat transmission from the increase in temperature drop through the various 
sections of the wall. Since the only change of conditions affecting the trans- 
mission of_heat through the wall in the two cases is the outside wind velocity, it 
may be assumed that all other coefficients except the outside surface coefficient 
remain substantially the same and that the heat flow through the wall in either 
case is proportional to the temperature drop through the various sections. This 
being the case the increase in heat flow as indicated by the difference in tem- 
peratures between the air on the inside of the room and the outside surface 
temperature equals: 
1 72.5— 8 
™ 72.5 — 14 
The increase in heat flow indicated by the drop in temperature from the air to 
the inside wall surface temperature equals: 
1 72.5 — 55 
~~ 72.5 — 60.9 


This difference can be explained by the air leakage through the outside surface 
of the wall and it indicates the necessity of a good wind stop in the outside 
surface construction. If the wind leakage through the complete wall was deter- 
mined it would undoubtedly be very low due to the inside surface of lath and 
plaster. However, the damage is done when the air leaks through the outside 
surface and cools the air space between the studs. 

Referring to Figs. 3 and 6, if the various curves are extended to the left they 
intersect each other substantially at the zero point. With the exception of the 
top curve on Fig. 3, they are all straight lines and there is a constant ratio 
between the coefficients for the different portions of the wall at different mean 
temperatures. As pointed out by the authors this constant ratio does not 
appear to hold for the inside and outside surface coefficients where the wall 
is exposed to sunshine as was the case for the wall of Fig. 3. This is the one 
exception to the straight line relations between the various coefficients and I 
believe should have additional study. 

W. H. Carrier: I would like to commend the authors of this paper on the 
manner of presentation. The answer should come first and the reasons for it 
afterward, as they have done. I would recommend to the authors that an 
addenda accompany the paper describing more minutely the equipment used, 
also a discussion of the accuracy and the reason for the adaptation of the 
equipment. 


= 10 per cent 


= 41 per cent 


Man was not born with clothing, with shelter or with fire. Presumably when 
he was born he was relatively naked except for the good thatch on his head 
to protect him from the burning sun and perhaps a little more natural clothing 
on his body than we have today through our process of evolution. He was 
born for the conditions that surrounded him. 


Horse and man are the only two animals that have their principal means of 
getting rid of heat under emergencies by means of perspiration. They thrive 
in hot weather, although they do not like it. The horse lathers in hot weather; a 
man perspires freely. You do not find that among any other animals. Our 
nearest relatives (I think they are a long ways away) are a jungle animal; they 
will die out in the sun; they are not our ancestors. We were generated in a 
different climate. We were driven out of the Garden of Eden, so to speak, by 
necessity, perhaps a change of climate, and therefore we have developed our 
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wonderful intelligence and we have been adapting ourselves to environment 
ever since. 

Shelter and clothing perhaps came first. The matter of producing fire was one 
of the great inventions of man. No other animal has it and our Society is 
founded on the development of the use of fire. Until recently fire was the only 
thing we wanted; now we acknowledge the part that humidity plays as well as 
temperature. 

We are getting more complex all the time. We have to know how hot the 
wall is and how cold the floor is, how hot the ceiling is and what the temperature 
of the air is. If we are going to keep all these things in mind we will need an 
engineer for every room of the house. We will need thermocouples everywhere 
to be sure that we will be comfortable, because there is no uniform temperature 
in any part of the room-walls, ceiling or anything else—and we have to evaluate 
glass factors, etc. How are we going to do all this? 

Well, fortunately, I believe it is a very simple thing, in spite of the difficulties 
that have been pointed out in these various papers and discussions. The exact- 
ness of the comfort chart has been challenged. It is suggested that temperature 
has one effect and radiation from the walls and windows another effect. Nothing 
has been said, however, about the lower temperature which frequently exists at 
the floor and which is a larger area than the outside walls. Floor temperatures 
are sometimes pretty cold due to cold air seeping in. Take a room like this— 
the temperature of the floor will be far more important from the standpoint of 
radiation than the outer walls. It is not a question of radiation. J get radiation 
from my head to the floor and my head is on top. My feet as well as my head are 
warmed by the ceiling because of the angle of radiation. It would take a mathe- 
matician to find out whether you are going to be comfortable or not and by the 
time you got it all figured out, well, it would be summer! It is a very complex 
thing. You do not want to forget that while we have cold walls, cold windows, 
and cold floors, you frequently get hot ceilings and the hot ceiling has just as 
much countereffect as a cold wall and perhaps more so in the radiation effect. 
You might even have cold walls and windows but due to the hot ceiling you 
would be too warm. 

Nobody said anything about ceiling. We are not anywhere near the ceiling. 
The air near the ceiling does not affect us, but the radiation does, and the 
difference between the ceiling temperature and body is usually as much as the 
walls, neglecting the windows. What is the temperature of a room? We have 
all assumed that we have been talking about the temperature of a room. Nobody 
has defined what the temperature of a room is. Had we not better define what 
we are talking about? The temperature of the room is not the temperature 
of the air. It is not the temperature of the walls. It is not the temperature of 
the ceiling. It is the temperature that is affected by all of us. 


If we use an extremely minute resistance wire, or a thermocouple of similar 
dimensions, we will get nothing but the temperature of the air itself. If we use 
the ordinary thermometer or thermostat or an object the size of the human body, 
we get the temperature of radiation and of the air; and we get radiation from 
all parts, not from any one part. Now if we use something in between, perhaps 
we get something nearer the air temperature instead of this composite tempera- 
ture. What are we going to use as a standard of temperature when there are 
no two thermometers, unless they are identical, that will give us exactly the same 
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results? At low temperatures thermometers probably measure fairly accurately 
the lower radiation effect, the low waves. Glass absorbs low waves. So, 
whether we blacken the thermometers or not, I do not believe that the tempera- 
ture at which we feel comfortable makes much difference. If you had a fire, 
however, over here and you hold a thermometer there, there would probably 
be quite a difference, whether the temperature was measured with a blackened 
thermometer or a lightened one, but most of our radiation (and the same applies 
to a radiator) is due to a small difference in temperature. Low wave lengths 
are absorbed largely by the glass. The absorption of glass under those condi- 
tions is large and therefore the ordinary thermometer and the thermostat of 
dull metal, is as much subject to the effects of radiation as it is to air tempera- 
ture, just like the body in that respect. 

I will agree that you will be very uncomfortable if you sit next to a fireplace 
with the heat pouring at you on one side and no heat in the room and you have 
a cold window or a wall at your back. 

The thermometer might read the same; you might have an overall trans- 
mission the same but the transmission at your back is so high that you are 
uncomfortable; you are too hot on one side and too cold on the other. This is 
one reason why we should not have any great differences of temperature 
between walls, floors and air. But the thermometer does show what the average 
condition is; it integrates all effects, just exactly as the body does. The fact 
that we are giving out some heat does not enter into the problem. The fact 
that our temperatures are different does not enter into the problem. It is the 
differential between an unheated body and ourselves that controls our radiation 
and it is the difference between the room air temperature and our body that 
controls our convection. 

I have made some intensive studies on the effect of radiation errors on the 
wet-bulb thermometer and I believe the integration effect of a thermometer due to 
convection can be taken as an indication of what the body is affected by. You 
cannot put it on the wall or you cannot put it over a window. You cannot put 
it up to the ceiling. You have got to put it where you are. A wet and dry-bulb 
thermometer placed where you are will show the effective temperature you are 
subjected to, whether you have a fireplace on one side and a big window expanse 
on the other, or are surrounded by walls and air of uniform temperature. A wet 
and dry-bulb thermometer reacts to radiation effects and integrates the equiva- 
lent result. 


A wet-and dry-bulb thermometer under any variable condition will, I believe, 
give you exactly the result obtained in the Laboratory, effective temperature 
tests where the walls, ceiling and air were purposely kept all at the same tempera- 
ture so as not to complicate the problem. 

If you take your temperature in another way, it is not correct. If you use 
exceedingly fine resistance wire, then you measure the air temperature and you 
do not measure integrated effects. That is why I say we have to have an 
addendum to this paper to know the details. What gage wire was used in 
these thermocouples? It makes a difference. 

Everybody here has talked about temperature of a room and they have assumed 


that is the temperature of the air. It is not any such thing! It is a composite 
effect. The difference in convection between a thermometer and the human 
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body is not very great. The wet-bulb thermometer responds just the same as tne 
wetted surface of your skin. 

So I think we should be careful not to, when you say temperature of a room, 
mean the temperature over at the wall, where you may have the thermometer. 
It certainly is not the temperature of that wall or the thermometer on that wall. 
It is the temperature where you are. Nor is it the temperature at the window. 
Nor is it the temperature of the ceiling or the temperature of the floor, and we 
do not have to calculate and integrate all these values when a thermometer does 
it for us. 

If my assumptions of this integration and effects of thermometers is correct, 
both wet and dry-bulb, then I have answered the uestions that have been 
raised concerning effective temperatures. For greatest comfort you have to 
have a fairly uniform temperature all over. You do not want a hot head 
and cold feet, nor do you want a cold back and overheated on the other side, 
although you might have exactly the same effective temperature and the heat 
emission will be the same. Uneven distribution of temperature is exceedingly 
uncomfortable. 

It is not a question of the removal of heat; it is a question of the removal of 
heat on one side, and therefore, all that has been said on good insulation holds, 
and double windows too, if you are going to sit near them, and perhaps counter- 
acted by a certain amount of radiation but not in the way it was presented. 

F. C. Houcuten: These two papers give us additional data on two major 
subjects in which the Laboratory and the Society have been interested, namely, 
heat transmission and comfort. The data on relation of wall surface tempera- 
tures and air temperatures, both inside and out, to the rate of heat transfer and 
the ratio of the ouside difference to the inside difference are valuable in our 
consideration of heat transmission. No doubt considerable use will be made of 
these data in evaluating certain walls installed, as pointed out by the authors. 

I was interested in the ratios of the outside temperature difference, between 
wall and air to the inside temperature difference. This ratio is given as about 
three or the same value as has been accepted in the past for the ratio of the 
outside surface transfer coefficients for a 15-mile wind, to the inside coefficients 
for still air. In general it is assumed that this difference is due to difference in 
air velocity and radiation. 

There is another factor that may account for the ratio of three and I would 
like to hear further from the authors concerning their consideration of this 
factor. Heat capacity of a wall is becoming recognized as a very important 
factor in heat transfer in the winter when there is a temperature drop outward 
throughout the day, and more important perhaps in the summer time when there 
is a cyclic change in the direction of the temperature drop, due to sun effect 
and diurnal difference in temperature. It has been found from the work of the 
Laboratory that as the temperature changes throughout the day, the relation 
between the heat flow through the outside surface and the inside surface changes. 
If the factor of three were determined in the winter time, during the falling 
temperature part of the cycle, there would be a greater heat transfer, through 
the outer surface than through the inner surface, which might account for part 
of that factor of three. 

Considering the other important point brought up in this paper, the effect on 
comfort: Mr. Carrier and his committee, working with the Laboratory in pre- 
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paring plans for the investigation of comfort some ten years ago, and the 
Laboratory in carrying out this program, and later in publishing the findings, 
did give considerable attention to various contributing factors including radia- 
tion. It was thought, however, that radiation, although a factor, was a minor 
one. The Laboratory did collect a little data on the approximate effect of 
radiation to walls which indicated that it was not of great importance. 

The mere fact that this factor, which was considered small and relatively 
unimportant ten years ago, comes up now as a major factor, is, I believe, a mea- 
sure of the progress we are making. As we eliminate the more important 
factors that affect us in our data on heating and ventilation, the factors which 
are of less importance to start out with become relatively of greater importance 
and we have to attack them. In other words, the measurements that could be 
made with a foot rule ten years ago have been made and the remaining measure- 
ments now have to be made with a micrometer. We are working to a higher 
degree of accuracy. 

In Mr. Close’s discussion of this papei he quoted quite largely from the work 
of Aldridge on heat dissipated from the body by radiation. I think that subject 
needs further investigation for in my opinion radiation is not quite as important 
a factor as brought out by Aldridge. This should be true for several reasons. 
Any considerable part of our body does not radiate from the nude surface at or 
near blood temperature, but rather from the temperature of the outside of 
our clothing which is much nearer the temperature of the air than that of the 
blood. For instance, with a body temperature of 98 F and an air temperature of 
70 F, our outside clothing surface temperature is but a few degrees higher than 
the air. As a result small variations in the temperature of wall surfaces to 
which we radiate become relatively of less importance. 


There were quoted, effects reported by earlier investigators showing that 
with a lowering of the wall surface temperatures to which we radiate by 20 deg, 
the rate of heat dissipated from the body surface by radiation was double. 
While the fact that these data are for a nude person is mentioned by Mr. Close, 
it should be emphasized more strongly for no such increase in heat loss would 
result for a normally clothed person. 


Taking the Laboratory data on heat emission from the body for various 
atmospheric conditions, we find that if the temperature of surrounding wall 
surfaces and also the air temperature falls 10 deg, the total heat loss by both 
radiation and convection increases only about 5 per cent. However, this 10 deg 
fall in surrounding temperatures is also accompanied by a compensating 
decrease in heat loss by evaporation of 5 per cent. That compensation, however, 
only takes place for a drop of about 10 deg. After we get down to 60-deg air 
and wall temperatures, the heat loss by evaporation becomes a minimum and we 
have little control of heat loss and our heat production mechanism is called 
upon to supply any additional loss. While there is no question but what radia- 
tion to surrounding walls is theoretically a factor in comfort and should be 
investigated by the Laboratory, it is quite probable that the effect will not be 
very great. 

I would predict that for the variation in temperature met with in wall 
surfaces for reasonable variations in wall construction the effect on the effective 
temperature will be no more than a couple of degrees. If this is found to be 
the case it can be taken care of in practice by saying that for walls having a 
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conductance above a certain value and in zero weather, the effective temperature 
maintained should not be that shown by the comfort line in our present chart but 
by a slightly higher temperature. 

Mr. Carrier: When I said temperature, I meant temperature of a still 
thermometer both the wet-and the dry-bulb and if you sling the thermometers 
you will get a different result that will not be representative. In other words, 
to integrate that you have got to have a still thermometer similar to a still 
body and if you use a still thermometer instead of having a couple of degrees 
difference, I do not think you will have any. 

TuHorNToN Lewis: First I would like to congratulate the authors on the 
paper. It is very apparent to all of us from the discussion that they have started 
something and it is going to bring around some very interesting data for the 
use of all scientists and heating engineers. I have no intention of discussing 
this matter in such a profound way as the scientists who have preceded me, but 
there is one observation that perhaps might throw a little light on this question 
of trying to duplicate the effect on the human body and that might help in some 
further investigations that Professors Kratz and Willard may make. 

Last summer it was my pleasure to be able to visit the Waterford Research 
Station in England where the British Government is conducting research 
relating to heat. You will all remember that panel heating is in vogue in 
England. In this station, and in the method of heating that most English 
engineers today are using, they are attempting to heat almost entirely by 
radiation and to minimize any heating effect from convection—to eliminate it, 
if possible. At the Waterford Station, that is just exactly what they are trying 
to do, but they recognize that in heating principally by radiation, a thermometer 
or a thermocouple would undoubtedly not register the true effect of the human 
body. So they built a copper cylinder, worked out mathematically, so that the 
surface of this copper cylinder approximated the surface of the human body 
that receives heat or heat effects by radiation, and then they used a thermocouple 
to measure the effect on this cylinder. 


The report on that work is available and I would just like to suggest, in con- 
nection with the further work that Professor Kratz is doing, that it might be 
quite interesting. It would answer the point that Mr. Carrier has brought 
out of more correctly evaluating the effect on the human body of radiation as 
well as air temperature. 


P. J. MARSHALL: It is apparent with present design of heating systems to 
maintain 70 F at the 5-ft breathing line temperature as indicated by the dry- 
bulb thermometer located on the wall at this distance above the floor is a very 
unreliable index of comfort conditions. You, of course, all know that the 
dry-bulb thermometer is not the true index of comfort conditions. We must 
take into consideration the wet-bulb, air motion and now this radiation effect. 
The information given in this paper accounts probably for the reason why many 
people contract colds when they stretch out on the davenport in the living room 
after an evening meal. As the living room in the average type of building 
construction has two and sometimes three exposed walls and a cold floor, they 
are subject to much colder conditions due to the low breathing line and 
radiation effect of cold walls and floors than at the breathing line. It would 
also be interesting to know what effect a slight pressure in the room might 
have towards maintaining a more comfortable condition. 
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Up to the time of the presentation of this paper I had a feeling that I was 
either above or below normal. Where conditions of temperature, humidity and 
air motion gave us an effective temperature of 65 deg, I very often felt 
decidedly uncomfortable. I refer particularly to the time when we held our 
convention in the Exposition Hall in Philadelphia. They had an effective 
temperature of 65 deg and I was decidedly uncomfortable. That perhaps can 
be now ascribed to the fact that my heat loss by radiation was excessive due 
to a cold concrete floor. 

J.C. Mires: This subject of wall surface temperature is one that interests us 
most in the practical field. As the President said yesterday an engineer was 
just one jump ahead of a scientist and I, being in the practical field, might be 
one jump back of an engineer, but I do know this, that this question is highly 
important out in the field and I am glad they have done as much on it as 
they have. 

Mr. Houghten spoke of the question being regarded as a minor factor for 
ten years and now being regarded as a major iactor. In my estimation, I 
think the whole thing may be attributed to the women’s wearing apparel. 
There has been quite a change in the past ten years. The women seem to have 
sense enough to put on the right kind of clothes so that they get the proper 
body respiration. It is very important to health and comfort; there is no ques- 
tion about that. A difference of 5 deg in surface wall temperature is going to 
make a lot of difference in the comfort on very thin, silk stockings, whereas it 
may not make any difference on the outside of this coat, as Director Houghten 
mentioned. 

I was in St. Louis last winter and a woman complained about her room being 
cold and I did not think it was. She said, “I am not going to let you go away 
from this house thinking I am a crabby old lady.” She took hold of my coat and 
said, “Take that off and sit down here for five minutes and find out what I 
have to experience.” There was a cold wall about 2 ft to the right of this 
woman and the wall did cause a cool feeling. 

There is a point that I think has not been taken up here and I hope Professors 
Kratz and Willard will do something about it. I notice that this paper is based 
on the condition of still air inside buildings, or inside the room. We may be 
able to raise the wall surface temperature by convection with air motion and in 
view of the fact that temperature, humidity and air motion are the essential 
requisites to comfort, I hope that Professors Kratz and Willard will find some 
means whereby they can find out the effect of inside air movement. 

F. D. Mensinc: I do not think we pay enough attention to the temperature 
of the floor, what goes underneath the floor, and what the temperature is under- 
neath the floor. The same would also apply to the ceiling. We are having 
troubles with certain types of radiation which theoretically are doing the work 
but practically are not. The cause, I suspect, is due to a condition in the floor. 

An example will show you how accurate the human being is. It was necessary 
to ventilate a room in an airplane factory where they applied a material with a 
spray. The air change in that took place every 214 min, theoretically. Smoke 
bombs were turned loose at the point where the air entered, voided into the 
room and then the room cleared. From the time the bomb was lighted until you 
could see no evidences of smoke was 13 min. Remember this is an airplane 
factory, where we had to bring in the complete machine. This apparatus had to 
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be moved around on the floor. The men complained that they were uncom- 
fortable, could not stand it. A line of thermocouples was hung and they all regis- 
tered 70 F. That is the temperature we worked for, but it was not comfortable. 
We then hung a thermostat from the ceiling, as low down as we could. We 
got the owners to agree to not use that section of the floor; in other words, 
place it in the center of the work area; and all our troubles disappeared. These 
human beings were more accurate than our thermometers. Comfort does enter 
into industry. Take an operator working on a machine; it is the same story; 
the room may be 70 F but if the machine is 60 F, you are not going to get 
production. 

Proressor Kratz: When we started out to write this paper we had 
measured just the surface temperature on the inside surface of the wall. We 
realized that this was a factor that might have some bearing on the human 
comfort but had no intention of going into an elaborate determination of all 
of the factors affecting human comfort nor of repeating any of the work that 
had been done to establish standards for measuring and defining human 
comfort. All that we were concentrating our’ attention on was just this 
one factor, the temperature at the inside surface of the wall, and by call- 
ing attention to the fact that this was one factor in a very complex problem 
we thought we might be able to promote some discussion. Apparently 
we have at least accomplished that result, but I cannot hope to answer all the 
discussion that has been given here. The problem is very complex. It may be 
a simple practical solution or it may be taken care qf mathematically, but the 
ultimate solution will not be obtained by neglecting or overlooking any of the 
factors, and that has been the main purpose of this paper: to call attention to this 
one factor and to promote discussion on that one phase. 

L. A. Harprnc: The paper deserves very careful consideration and should 
evoke wide discussion among the members as the point raised has a bearing 
on future research dealing with the problem of comfort. This paper forcibly 
calls attention to a fact that is very frequently observed in home heating, 
namely that the occupants do not always feel comfortable when a 70-F room 
dry-bulb temperature is being maintained in cold weather. The effect is more 
often attributed, perhaps erroneously, to carrying a very low relative humidity 
necessitated to prevent moisture precipitation on single glass. 

The statement was made by the author of a recent paper, describing panel 
heating, that a person normally clothed will feel perfectly comfortable in a room 
air temperature of 60 F, when the inside wall surface temperature is maintained 
at 75 F. 

The layman naturally interprets the condition of the air as to temperature 
and relative humidity within the comfort zone of the A.S.H.V.E. comfort 
chart to mean that the conditions shown will produce a state of well-being 
or quiet enjoyment called comfort. 

The engineer interprets the chart values to mean equal degree of comfort on 
any effective temperature line. It would appear however that either interpre- 
tation may be upset by changes in the wall surface temperature to values quite 
different from the surface temperatures maintained during the tests when 
the comfort chart values were determined. 

It may be assumed that, with the first condition mentioned, in the second 
paragraph, a person is supposed to be comfortable, as the chart indicates, but 
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apparently this is not always the case. With the second condition, as mentioned 
in the fourth paragraph, he is not supposed to be comfortable, according to 
the chart, but to his surprise he finds that he is comfortable. 

Comfort, as applied to a normally healthy person at rest, requires that the 
body temperature remain practically constant. This condition, as is well-known, 
can only exist when a fairly exact heat balance is maintained, between the heat 
liberated within the body due to various chemical reactions and the heat given 
off by the body. It is assumed that the air supplied is from an uncontaminated 
source. 

The function of clothing and a heating system are identical, that of so 
regulating the heat dissipated to the surroundings that the heat balance is 
maintained. A combination of these two items is evidently essential for con- 
venience and modesty. 

It is generally assumed that the heat dissipated by a normally clothed person 
at rest in still air is divided into the following approximate percentages: 30 per 
cent by convection, 43 per cent by radiation to colder surfaces, 24 per cent by 
evaporation from the lungs and the remainder, or 3 per cent by other causes 
when the air temperature is maintained at 70 F with 25 per cent relative 
humidity. It would seem necessary to further assume that the temperature of 
the wall surfaces are somewhat less than the air temperature. It may be 
rightfully assumed that the percentages stated, if they are correct, also represent, 
for each item mentioned, the percentage that the item reflects in contributing 
to our comfort. ; 

The convection loss in still air depends upon the surface coefficient of the 
clothing and the temperature difference between this surface and the room air. 
The radiation loss depends upon the temperature difference between the cloth- 
ing and the surrounding wall surface temperature and its coefficient of 
absorption. 

The A.S.H.V.E. Comfort Chart does not take into account the effect of 
body radiation loss as affected by variations in wall surface temperature. As 
this loss ordinarily constitutes the greatest percentage of any of the items men- 
tioned, it would appear necessary to accompany this chart with a statement to 
the effect that the wall surface temperature should not be less than a certain 
specified amount when this chart is to be applied, as a guide to the engineer 
for residence heating. 

It may be found that the required wall surface temperature is higher than 
exists with the usual wall constructions employed in cold climates. Under this 
condition the only alternatives for the occupant would be to increase the body 
insulation in order to decrease the body radiation loss, or to increase the room 
air temperature above the chart values in order to decrease the convection loss. 

It is, I believe, essential to run a series of comfort tests, employing both 
male and female subjects clothed with winter garments, maintaining the inside 
wall surface temperatures within the temperature range as found in practice. 


The present comfort chart is no doubt correct for use with assembly 
halls and theatres, as in this case only those occupying seats adjacent to outside 
walls would be affected by radiation to colder wall surfaces, but some doubt may 
be expressed as to its value or correctness for heating and air conditioning of 
a residence. 
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No. 872 


CAPACITY OF DRY RETURN MAINS FOR 
STEAM AND VAPOR HEATING SYSTEMS 


By F. C. HouGuHten! (MEMBER), AND CARL GUTBERLET? (NON-MEMBER), 
y 
PITTSBURGH, Pa. 


i r capacity of pipe for carrying steam, condensate and air in various 
parts of steam heating systems has been under investigation at the 
A.S.H.V.E. Research Laboratory, and at Carnegie Institute of Tech- 

nology, in cooperation with the Research Laboratory since 1922. A number 

of publications? have resulted from this study, giving the capacity of pipe for 
various parts of the steam supply side of heating systems. The practical ap- 
plication of these results has been made use of in the pipe sizes given in 

Chapter 20 of Tue A.S.H.V.E. Guipe, 1930. 


Upon completion of the study of the supply side of steam heating systems 
a little over a year ago, the Society was asked to supply data on capacity of 
returns. The work on this study has since been carried on by the Laboratory 
staff in the heating and ventilating laboratory, Carnegie Institute of Tech- 
nology, where suitable space for a test set-up, including a 22-ft return riser 
and a 540-ft dry return main, was available. This paper gives the results 
of tests on a l-in. dry return main. Data were collected simultaneously on the 
capacity of return risers, but this phase of the study is not yet completed. 


Test SET-UP AND OPERATION 


The test set-up used for the investigation is shown in Fig. 1. The pipe and 
other equipment, however, were actually arranged other than shown. 


Steam was supplied from a high pressure main A, through a suitable arrange- 
ment of throttling, by-pass, and pressure reducing valves to a 7-ft section of 
8-in. pipe B, so as to maintain the uniform pressure desired. From B, steam 
was taken through the 4-in. riser and distributing main C, D, E, to a battery 
of six unit heaters, F to G. The condensate from the unit heaters was collected 
in the 1-in. horizontal return H/, and was returned through the riser and 1-in. 
return main, //K to the gravity receiving bucket L, or to the vacuum pump, 


"4 Director, Research Laboratory A. S. H. V. =" 

+ | Rapineer, Research Laboratory A. S. V. 

8A, S. V. E. TRansacTIONS AND JOURNAL, 22 to date. 

aur ‘at the Semi-Annual Meeting of the American Society oF HeaTInG AND VEN- 
TILATING ENGINEERS, Minneapolis, Minn., June, 1930. 
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where the non-condensable gases were liberated to the atmosphere and the 
water delivered to either of the two receiving tanks M or N. 

The unit heaters were of several makes ranging in size from 2,200 to 150 
equivalent square feet of direct radiation. The four larger units were drained 
through float-type blast traps with thermostatic by-passes for air. These con- 
nections are shown in Fig. 2. The two smaller units were drained through 
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Fic. 1. Laporatory Set-Up ror StupyinGc Capacities oF Dry 
RETURN MAINS 


thermostatic traps as shown in Fig. 3. A water column gage glass was 
connected to indicate any water accumulation in the connection between the 
unit and the blast trap, Fig. 2, or the thermostatic trap, Fig. 3. Any of-the 
units could be turned on at will and the fan speed of one of the larger units 
could be varied. With this arrangement any rate of steam condensation desired 
could be obtained and controlled. 

Radiators of 28 equivalent square feet capacity were supplied with steam and 
drained into the return at points O, O,, O,, etc. The connections of these radi- 
ators are shown in Fig. 4. At points P, P,, P,, etc., along the return, additional 
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provision was made for measuring the pressure in the return main besides at 
those points at which radiators were located. The arrangement for measuring 
the pressure in the riser is shown in Fig. 5. The arrangements for measuring 
the pressure in the return main are shown in Fig. 6. 


Pressures were measured at points P and O along the return in order to indi- 
cate the pressure in the return at these points and by difference the pressure 
drop along the line for any condition of flow. The radiators were used in order 
to determine whether or not the return was overloaded at these points. If upon 
turning steam into the radiators the air was eliminated and the radiator heated 
up quickly, the return was considered not to be overloaded. On the other hand, 
if the radiator did not heat satisfactorily, the return was overloaded for the 
particular vacuum applied at the pump. 


In the radiator connection, Fig. 4, a valve was placed between the thermostatic 
trap and the return so as to insure against water backing up into the radiator 
should the return be overloaded. In order to make a determination of the pres- 
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sure in the return, at this point, the valve between the thermostatic trap and the 
return was opened and when the pressure in the radiator had adjusted itself to 
that in the return it was read on the manometer. Observation was also made 
of any water accumulation in the radiator as indicated in the gage glass. The 
steam supply valve of the radiator was then turned on to give a pressure ‘of 
steam entering the radiator of 1 oz above the pressure in the return as previ- 
ously read in the radiator and the rate of heating up was observed. Observation 
was also made during the heating up period of any water accumulation in the 
radiator as indicated by the gage glass or any other peculiarity of operation. 

The arrangement in Fig. 5 for measuring pressure in the riser was used in 
order to guard against the water backing up into the manometer. The pipe con- 
nection between the 2-in. nipple and the return was made large enough that 
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water would not seal across it, but would drain out freely. The arrangement 
shown in Fig. 6 for measuring the pressure in the return main also insured 
against.water backing up in the manometer or sealing across the pipe connection. 

The system could be operated either by gravity return or by vacuum pump 
return. By opening valve Q, and closing valve R, the condensate returned by 
gravity, draining into the receiver L and by opening valve S the water contained 
in the receiver could be transferred as collected into the measuring tanks M 
and N. By closing valves Q and S and opening valve R, the system operated 
by vacuum pump return, the pump delivering the water directly to the measuring 
tanks. The measuring tanks were barrels of approximately 50-gal capacity. 
Each tank was supplied with an upright extension above the barrel made by 
flanging on a two-foot section of 4-in. pipe. Each barrel was fitted with a gage 
glass so that the water level in the barrel or smaller chamber at the top could 
be determined easily. For accurate determinations of return condensate the 
measurements were always made with the water in the smaller constriction above 
the barrel so that a small error in the water level had little effect on the accuracy 
of results. Either measuring tank could be filled or drained at any time by 
operating the valves. 

Soon after starting the study it was realized that the set-up described would 
give satisfactory data on the capacity pressure drop relationship for the return 
when only the non-condensible gases contained in the steam were being handled, 
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excepting any small amount of air eliminated from the units or leaking into the 
system due to the vacuum. Since the amount of air handled by the system un- 
der these conditions was extremely small, the results obtained gave practically 
the ultimate capacity of the returns for handling condensate with a very minimum 
amount of air and the extremely high capacities found for these conditions 
demonstrated clearly that return pipe sizes for practical use must not be based 
upon these high values. 


This naturally brings up the question of how much air the returns of a steam 
heating system should handle. Widely different estimates of this value may be 
made based upon various assumptions of the relative rate of air expulsion from 
cold radiators and of steam condensation. In a vacuum pump system, the problem 
is further complicated by the probability of air leaking into the system through 
loose joints and fittings in poor installations. 


Soon after starting the investigation it was realized that in order to base satis- 
factory tables for determining return pipe sizes on the results of the investi- 
gation, data must be established giving the capacity of the return for various 
rates of handling condensate and air. In order to make this possible, means 
were provided for supplying air into the system as previously described. 


This was done by supplying air to the main B, Fig. 1, through a calibrated 
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orifice V, from the motor driven air compressor 7, and auxiliary storage tank U. 
With this arrangement the observer controlling the steam pressure in B could 
also control the rate of air supplied as indicated by the orifice meter W. The air 
admitted into the main was heated to steam temperature by the steam before 
passing through the units to the return side of the system. 


In making a test under anv specified condition of operation the steam pressure 
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in the main B and the rate of air supply were regulated and held constant. The 
right number of unit heaters were turned on and the speed of the fan on the unit 
subject to regulation was adjusted to give the condensation rate desired. These 
conditions were then maintained until equilibrium of flow was established, after 
which test data were collected. During the test period the rate of condensation 
return as measured in the tanks was recorded and at the same time observations 
were made of the pressures at the various locations O and P along the return 
riser and main. The small radiators O, O, located along the return line were 
then turned on with a pressure on the steam supply end of the radiator one 
ounce above the pressure recorded in the return at this point. The time required 
for eliminating air from the radiator through the return and entirely heating 
the radiator was observed. Any test in which a period of more than 20 min 
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Fic. 8. RELATION BETWEEN Pressure Drop in THE Dry RetuRN MAIN AND AIR 
CARRIED FOR VARIOUS CONDENSATION RATES 


was required for eliminating air from and heating up the 28-sq ft radiators was 
not used. 


EXPERIMENTAL RESULTS 


The pressure drops observed throughout the length of the 1-in. dry return 
main for several representative rates of condensation, air flow, and required 
vacuum at the pump are given in Fig. 7. From these curves the pressure drop 
in ounces per 100 ft length of run were calculated for use in determining the 
pressure drop, condensation and air flow relationships desired. 

In all of the tests for any given condensation and air flow rates, the vacuum 
at the pump was adjusted approximately to allow the farthest radiator from the 
pump to heat up in about 15 min. It was soon found that the time required for 
the radiator to heat up bore a relationship to the pressure in the return at the 
point where the radiator drained into it. Whenever the pressure in the return 
reached 2 oz above the atmosphere, the radiator would require an excessive time 
for heating regardless of the fact that the steam pressure at the entrance to the 
radiator was adjusted to one ounce above the pressure in the return. 

The relation between pressure drop in the main in ounces per 100 ft length of 
run and the amount of air handled through the main in cubic feet per hour is 
given in Fig. 8 for several rates of condensation flow in a 1-in. dry return main. 
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The points on the various curves were each obtained by averaging the pressure 
drops obtained from curves of individual tests as plotted in Fig. 7. The curves 
for loads ranging from 75 to 900 lb of condensation per hour were each deter- 
mined by a large number of tests made under most careful conditions. The 
curves for condensation rates from 1,200 to 1,900 Ib per hour are of relatively 
less practical value and these curves were determined by comparatively few tests 
under less favorable conditions. The limit in the quantity of air handled in the 
tests with loads of 75 and 160 lb condensation per hour was fixed by the satisfac- 
tory operation of the system. Curve A gives the capacity of a a dry 1-in. pipe 
for carrying air only as reported by O’Bannon.* Curve B gives similar data cal- 
culated from Unwin’s formula. These two curves are of value in showing the 
degree to which the condensation carried by the main reduces the capacity of 
the dry pipe for carrying air only. 


The relation between rate of condensation in pounds per hour or equivalent 
square feet of radiation based upon % lb per square foot, and pressure drop in 
the l-in. dry return main in ounces per 100 ft length of run, is given in Fig. 9 
for various rates of handling air ranging from no air added to 90 cu ft air per 
hour. These curves were developed from the curves for different loads, Fig. 8. 
From this chart may be derived the capacity of a return main for any desired 
rate of handling air or allowable pressure drop within reasonable limits. 


The curves A, B, C, and D give the relationship between condensation load 
handled and pressure drop, based upon certain definite relationships between rate 
of air and condensation handled. These relationships were calculated to apply 
to various rates of heating up a cold system in which all condensation takes 
place in cast iron tubular radiation. As a result of measurement of the volu- 
metric capacity of 15 tubular radiators of various sizes as sold by four of the 
larger manufacturers it was found that this type of radiation had an average 
capacity of 0.0142 cu-ft per rated square foot of radiation. Assuming that air 
must be eliminated in a period of 20 min from an entire system containing all 
tubular cast iron radiation, air must be eliminated from the system at the rate 
of 3x 0.0142 or 0.0426 cu ft of air per hour per square foot of radiation or 
0.170 cu ft of air per pound of condensation handled. Curve A is based upon 
the limitation of air at this rate. 


There is doubt regarding the justification of the assumption of this rate of air 
elimination. It has been suggested that to the air elimination from the radiators 
should be added the air elimination from the supply and return pipe. It does 
not seem logical, however, to add the air eliminated from the supply piping for 
the reason that an equivalent volume of air should be driven through the radi- 
ator and out through the return before the return begins to handle condensation, 
and as shown by curves 4 and B, Fig. 8, the capacities of the returns for han- 
dling air alone are extremely large compared with their capacity for handling 
air and condensation. Hence the elimination of air from the supply piping 
should be of little consequence, and since the returns are comparatively small it 
may likewise be assumed that the elimination of air from the return side of the 
system is no great factor. 


It is probable that the tax on any system in eliminating air during the heating 





*Simultaneous Flow of Water and Air in Pipes, by L. S. O’Bannon, A. S. H. V. E. 
Transactions, Vol. 30, 1924, p. 157. 
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up period, even though the entire system is heated up at the same time, is much 
less than that indicated by curve A, for the reason that while the first portion 
of the radiators is being heated up, air from these portions is being eliminated 
through returns carrying much less than the indicated weight of condensate; 
hence the greater ease with which the system will be freed from air. 


In many cases, it is not necessary to heat a system up in as short a period as 
20 min and in comparatively few cases is it required that the entire system be 
heated up during the same time at this rate. Hence it would appear that curve 
A indicates relationships for air elimination at rates much higher than need 
usually be considered. 
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Curves B, C, and D indicate rates of air elimination of 66, 50 and 25 per cent 
of that indicated in curve A, or curves B, C, and D give the condensation pres- 
sure drop relationships for heating up periods of 30, 40, and 80 min, respectively. 


The curve designated as no air gives the relationships for operating the 
experimental system when no air was being added to the system. This curve 
gives the relationship found when air was being eliminated from one at a time 
of the small radiators located along the return and draining into it as a measure 
of whether or not the return was overloaded. It also carried the small amount 
of air leaking into the system due to the reduced pressure maintained by the 
vacuum pump and any non-condensable gases in the steam. 


The non-condensable gas in the steam supplied to the test system was very 
small and found by measurement to be 0.00018 cu ft of non-condensable vapor 
per pound of condensation. The rate of air leakage into the system due to the 
vacuum maintained is given in Fig. 10. This leakage was found when the sup- 
ply valves to the unit heaters were closed off and the indicated vacuums were 
applied to the return and the unit heaters. Under operating test conditions the 
actual in-leakage would be considerably less than these values for the reason 
that under these conditions much lower pressures than maintained by the pump 
existed in other parts of the system. While these facts indicate that a very small 
quantity of air was actually handled in obtaining the data shown in the curve 
no air, Fig. 9, this curve represents conditions where the system was actually 
handling some air and non-condensable vapors and does not represent a true 
condition of water flow in a filled pipe. 


In order to indicate the relation between the maximum condensation carried 
for any pressure drop as indicated by curve no air and the capacity of a similar 
pipe flowing full of water, and the curve E was plotted based upon the following 
formula by Darcy: 


Q=AC Wrs 
where Q = pounds water per hour flowing through the pipe. 
A = area of the pipe 
r = the mean hydraulic radius 
s = the pressure drop 
C =a constant. 


The zero of this curve is dropped down to 3.61 oz per 100 ft length of run 
below the zero of the test curves; the value of 3.61 being the head produced in 
a 100 ft length of pipe filled with water and having a pitch of 1 in. in 16 ft. The 
pressure drops indicated for the various curves in Figs. 7, 8, and 9 are based 
upon the difference in manometer readings giving the pressure differences be- 
tween the interior of the main and the atmosphere at the various points of 
measurement along the line and these pressure drops do not include any head 
which might be created by the pitch of the pipe. If the pressure drops indicated 
in the test curves (Fig. 9) are the result solely of air flow in a space in the 
upper portion of the pipe above the water level of the returning condensate 
then the relative location of the zero pressure ordinates of the curve E and curve 
no air is correct. Otherwise it is not. 


Curve F gives the relationship between the rate of water and air handled and 
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pressure drop in a l-in. test pipe as reported by O’Bannon. This curve is for 
a rate of handling air of 60 cu ft per hour. It shows a much lower pressure drop 
for the same rate of handling air than indicated by the similar curve established 
in this investigation. The reason for this becomes apparent when the different 
conditions under which the data were collected in the two investigations are 
compared. Curve F is for quiet, non-turbulent flow of water in the lower por- 
tion of a pipe with air flowing above. The test curves resulting from this in- 
vestigation are for a condition of more or less turbulence as found in the actual 
test system. 


In order to observe the degree of turbulence found in the flow, a 3-ft section 
of glass with 1.04 in. internal diameter was inserted in the dry return main im- 
mediately below the return riser. Under no condition of flow as regards rate 
of condensation or air handled was the flow of condensation found to be steady. 
On the contrary, it was found to flow in waves, filling a considerable portion 
of the pipe and occasionally all of it. 


For condensation rates of 300 lb per hour and higher the pipe was filled by 
waves as often as once per 2 min. When no air was being added the flow was 
less turbulent and when the pipe was filled it was by a slug of water rather than 
a short wave as was the case when large volumes of air were being handled. 
For loads of 150 lb per hour and less the waves seldom reached the top of the 
tube. For no air added with these loads the water surface was little disturbed 
while with greater rates of air flow the surface was thrown into waves. 


The turbulence in the pipe was probably caused by the disturbance incident 
upon the entrance of the condensate and air from the riser and also to inter- 
mittent passage of water and air through the traps. 


Early in the investigation it was found that the pressure drop for a given 
rate of condensation flow varied over rather wide limits depending upon the 
vacuum applied to the return side of the system. This was particularly true for 
large condensation loads when small amounts of air were being handled. Fig. 10 
shows the relation between vacuum applied and the pressure drop through the 
length of the return main. 


It was first thought that the variation in pressure was due to air leaking into 
the system and as a result measurement of this leakage was made as previously 
stated and plotted in this figure. By adding additional air and measuring the 
increase in pressure drop it was shown that the air leakage could not account for 
the increase in pressure drop with increased vacuum at the pump shown in the 
curve. It was found, however, by computation that re-evaporation of condensa- 
tion upon passing from the higher pressure on the unit heater side of the trap 
to the lower pressure maintained by the vacuum on the return side of the trap 
might account for the variation in pressure drop with vacuum. 


A reduction in pressure of 1 in. in mercury results in the liberation of 3.5 Btu 
per pound of condensate at a steam temperature of 215 F. This is sufficient to 


ar. oe cu ft of steam per pound of condensation or 42 cu ft 


of steam per hour for a condensation rate of 900 lb per hour. Assuming that 
steam in the return had the same effect as air on pressure drop for a given rate 
of water flow, 42 cu ft of steam per hour with a 900-lb load would be found 
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from Fig. 9 to increase the pressure drop from one to“approximately 9 oz or 
8 oz per 100 ft length of run. 


It is of course true that all of this liberated heat will not be available for re- 
evaporation because of heat dissipation from the piping between the unit heaters 
and the traps and, further, the amount of steam formed will rapidly decrease 
by condensation due to heat dissipation along the return . However, it is prob- 
able that re-evaporation accounts in a large measure for the variation in pres- 
sure drop with vacuum maintained for a given condensation load as shown in 
Fig. 10. 


The limitation of condensation and air loads, for gravity return is given in 
Fig. 11. Curves A, B, C, D give rates of air elimination corresponding to 20 
30. 40 and 80-min heating-up periods respectively. 





PRACTICAL APPLICATION OF THE DATA 


The relationships given in the curves Fig. 9 to 11 may be used for develop- 
ing tables giving capacities of l-in. dry return mains. The acceptance of such 
tabular values must, however, be based upon certain assumptions, including the 
allowable pressure drop, the rate of heating up or air elimination and any factor 
of safety desired for covering other contingent factors. These assumptions can 
not be determined by laboratory test but must be based upon experience gained 
through practice and judgment. 


Table 1 gives the capacity of a 1-in. dry return main for various allowable 
pressure drops in ounces per 100 ft length of run and various rates of air elim- 
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Tasie 1. Capacity or 1-1n. Dry Return Mains 1n Sg Fr or EQuivaALent Rapta- 
TION FOR VARiIous Rates or Air ELIMINATION, 


(EXPERIMENTAL RESULTS) 











Pressure Period of Air Elimination 
Drop— 
Per 2. Ft 20 min 30 min 40 min 80 min No Air Elimination 

Y% 512 586 684 940 2480 
" 672 800 930 1160 2964 
1 888 1060 1208 1560 3560 
2 1180 1396 1568 2034 4200 
3 1410 1648 1856 2368 4608 
2 1600 1892 2096 2650 | 4936 

















ination based upon the elimination of 0.0142 cu ft of air per square foot of radi- 
ation during the heating-up periods. 


In the application of the laboratory test data for sizing pipe for the supply 
side of steam heating system, practical application has dictated the use of a 
20 per cent factor of safety to cover variations in pipe capacity due to variations 
in pipe size, smoothness of pipe, constrictions due to improper cutting and other 
contingent factors. 


Table 2 was developed from Table 1 by the application of a 20 per cent factor 
of safety. This is offered for comparison and is not necessarily recommended 
for adoption at this time. 


Table 3 gives the capacity under which the system was found to operate satis- 
factorily with gravity together with the maximum rate at which air could be 
eliminated from a system of all tubular cast iron radiators. Table 4 is developed 
from Table 3 by the application of a 20 per cent factor of safety. 


It is of interest to compare some of the values given in Tables 1-4 with 
capacities of dry return mains as found in the pipe size tables in THE GUIDE 
1930.. Tue GuipE gives capacities of dry return mains in vacuum return jobs 
as given in the last column of Table 2, These are seen to compare very closely 
to the results of this investigation for a 20-min rate of air elimination, after 


the application of a 20 per cent factor of safety as given in the second column 
of the table. 


TaBLe 2. Capacity or 1-1n. Dry Return Mains In Sq Fr or EQuivaALent Rapia- 
TION For Various Rates or Air ELIMINATION. (EXPERIMENTAL Resutts Less 20 
Per Cent Factor or SAFETY.) 





























iia Heating Up Period of Tice 
Oz per < GuIpe 
100 ft 20 min 30 min 40 min 60 min -... Air 19308 
Llimination 

Y% 409 468 547 752 1984 

y 537 640 744 928 2371 

1 710 848 966 1248 2848 700 

r | 944 1116 1254 1627 3360 994 

3 1128 1318 1484 1894 3686 

4 1280 1513 1676 2120 3948 1400 





la 


a 


‘apacities of dry return mains for vacuum installations. No rate of air elimination given. 
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TABLE 3. Capacity or Gravity Dry ReturN MAINs IN ‘SQUARE FEET OF RADIATION 
Maximum Rates or Air ELIMINATION. (EXPERIMENTAL 


WITH CORRESPONDING 











RESULTS. ) 
Capacity sq ft Maximum Rate of Air Elimination 
Equivalent 
Radiation Time*® Cu ft per hour 
200 7 min 25 
400 20 min 17.5 
600 45 min 12 
1200 240 min 4.5 
2000 0 











® Time necessary for eliminating air from a system in which all steam is condensed in tubular 
cast-iron radiation having a volumetric capacity of 0.0142 cu ft per equivalent square foot of 
radiation. 


Tue GuIDE gives capacities of dry return mains in gravity return systems 
ranging from 284 to 460 sq ft equivalent radiation for pressure drops ranging 
from 4 to 4 oz per 100 ft length of run respectively. No rate of air elimination 
is given, however. Table 4 shows capacities, after allowing a factor of safety of 
20 per cent, ranging up to 1,600 sq ft depending upon the rate of air elimination. 
The higher Gu1pE value of 460 sq ft corresponds to a minimum time for com- 
plete air elimination of 25 min. 


SUMMARY AND CONCLUSIONS 


1. Asa result of the investigation, curves in Fig. 9 give the relation between 
condensation carried by dry return mains pressure drop through the mains, and 
air carried. 

2. The volumetric capacity of tubular cast iron radiation is given for the 
average tubular cast iron radiator and based upon these values the relation be- 
tween capacity and pressure drops is given for various rates of elimination of 
air from the system. 

3. It is shown in Fig. 8 that the capacity of dry return mains handling con- 
densation even at comparatively low rates have very much smaller capacities for 
handling air with a given pressure drop than the same pipe handling air only. 
It is also shown that the capacity of a dry return main for carrying water and 
air is considerably lower than the capacity of the same sized pipe for handling 
water and air with quiet flow. It is shown that this is probably due to turbulent 


TABLE 4. Capacity or Gravity Dry ReturN MAINs IN SQ Ft or RaDIATION WITH 
CoRRESPONDING MAXIMUM Rates oF AIR ELIMINATION. (EXPERIMENTAL RESULTS 
Less 20 Per Cent Factor or SAFETY) 

















Capacity sq ft Maximum Rate of Air Elimination 
quivalent 
Radiation Time* Cu ft per hour 
160 7 min 25 
320 20 min 17.5 
480 45 min 12 
900 240 min 4.5 
1600 0 











* Time necessary for eliminating air from a system in which all steam is condensed in 
tubular cast-iron radiation having a volumetric capacity of 0.0142 cu ft per equivalent square 


foot of radiation. 
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flow in a dry return main caused by disturbances set up by entrance of conden- 
sate from risers and intermittent operation of traps. 


4. The pressure drop in dry return mains increases with high vacuums main- 
tained on the return side of the system for the same rate of handling condensa- 
tion and air, probably caused by re-evaporation of condensation after passing 
through the traps. 


5. Capacities of dry return mains are given in tabular form based upon 


laboratory results found and also by applying a factor of safety of 20 per cent 
to these results. 
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LOSS OF HEAD IN SUBMERGED ORIFICES 


By F. E, Gresecke, CoLLece Station, TEXAS 
MEMBER 


INTRODUCTION 


N designing pipe lines for water heating systems it is frequently necessary 

to increase the friction in a portion of the system in order to secure a 

balanced flow of water to the several radiators in the system. The addi- 
tional friction head may be secured by inserting valves constructed so that the 
opening through the valve is adjustable and can be reduced sufficiently to 
secure the desired loss of head. The additional friction head may also be 
secured by inserting sections of pipes of sufficiently small size. 

When neither of these two methods is to be used the additional friction head 
may be produced by contracting the cross section of the pipe in one or more 
places by inserting a union with a metal plate having an opening sufficiently 
small to secure the required loss of head. 

Fig. 1 shows such a union with a plate having a central circular orifice. The 
stream of water flowing through the orifice will have a contracted section, as 
indicated in the figure. The head necessary to produce the increased velocity 
at the smallest section of the contracted stream will be (approximately) the 
loss of head caused by the orifice, because the energy stored in this increased 
velocity will be very largely transformed into heat. 

If the degree of contraction of the stream after it has passed the orifice were 
known, it would be possible to calculate (with a fair degree of accuracy) the 
loss of head caused by the orifice. For example, if for the case shown in Fig. 1, 
the diameter of the pipe is 1.042 in., the diameter of the orifice 0.5 in., and the 
diameter of the contracted stream at the smallest cross section 0.4 in., as seems 
to be the case when the stream of water is discharging into air, then, for a 
velocity of 2 ips in the pipe, the velocity at the smallest cross section of the 
stream would be 13.6 ips, since the velocities are inversely proportional to the 
squares of the diameters. The head necessary to produce the increased energy 
stored in this increased velocity is 

1.13°—0.167? 
64.4 


It is not known, however, that the smallest cross section of the stream will be 


or 0.019 ft or 228 milinches. 





1 Director, Texas Engineering Experiment Station, A. & M. College. 
Presented at the Semi-Annual Meeting of the American Society oF HEATING AND VEN- 
TILATING ENGINEERS, Minneapolis, Minn., June, 1930. 
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Fic. 1. UNion 1n 1-1N. Piece witH DIAPHRAGM HAVING 
CENTRAL CIRCULAR ORIFICE AND SHOWING PROBABLE 
FLow or Water THROUGH ORIFICE 


0.4 in., nor is it known that the entire energy stored in the increase in velocity 
will be transformed into heat; a portion may be consumed in producing an 
increased pressure head in the section of the pipe beyond the orifice. In addi- 
tion, a portion of the loss of head may be caused by friction along the perimeter 
of the orifice. 


On account of these uncertainties it is necessary to make experimental deter- 
minations of the losses of head caused by orifices in order to have reliable data 
for use in the design of pipe systems. For example, in the case cited, experi- 
mental determinations (see Fig. 6) show that the loss of head is 150 milinches 
instead of 228, as indicated by the calculation. 


DESCRIPTION OF APPARATUS AND TESTS 


In order to make such a determination for diaphragm orifices in a 1-in. pipe, 
the apparatus shown in Figs. 2 and 3 was constructed at the Texas Engineer- 
ing Experiment Station, in cooperation with the A. S. H. V. E. The pipe used 
was a good section of a new standard black pipe calibrated and found to be 
1.042 in. in diameter. The two unions were standard black unions; the three 
piezometer rings, one of which is shown in Fig. 4, were of brass soldered to the 
pipe which was perforated with eight holes 0.067 in. in diameter and spaced 
45 deg apart; the middle ring was used to remove air that might be trapped in 
the pipe between the two unions; the two outer rings were connected to the 
manometer tube and served to measure the loss of head in the pipe between the 
two outer rings. The connection of the piezometer rings to the manometer was 
made as shown in order to trap any air that might escape through the piezometer 


Fic. 2. APPARATUS 
FOR DETERMINING 
Loss or Heap Dta- 
PHRAGM ORIFICES 
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rings and prevent its entering the manometer tubing where it would affect the 
manometer reading. 

The test was conducted in the usual manner. That is, water was maintained 
at a constant head in the supply tank and allowed to flow through the pipe sys- 
tem into the weighing tank. When the flow had attained a steady state, readings 
were taken from which the velocity of the water in the 1 in. pipe could be calcu- 
lated and the friction head between the two outer piezometer rings recorded. 


RESULTS oF TESTS 


The first two series of tests determined the friction head in two standard 
black unions and in 4.25 ft of standard black 1-in. pipe when the water was at 
a temperature of 63 F. The results of these tests are shown by line AB, Fig. 5. 
The experimental values shown by crosses were determined March 25, 1930, 
and those shown by triangles were determined March 26, 1930. On both days 
the water had a temperature of about 63 F and both sets of values lie quite 
accurately on the line AB. 

After the tests with the orifices had been completed, the test with the unions 
only was repeated on April 4, 1930. At that time the water had a temperature 
of about 74 F and for this higher temperature a slightly lower friction head 
should exist tecause the viscosity of the water at 74 F is slightly lower than at 
63 F. The values determined on that day are represented by the line CD. A 
separate study of these two lines (not reproduced in this paper) shows that the 
values derived from the line CD are about 7 per cent lower than those derived 
from the line AB. Theoretically, the difference should be only about 3 per cent, 
which is derived as follows: Reynold’s numbers for a 1-in. pipe, and water 
at a velocity of 2 fps and at temperatures of 63 F and 74 F are, respectively, 
15,490 and 17,040. From a curve showing the relation between Reynold’s num- 


l v2 
ber and the friction factor in the expression f - 2g for a l-in. black 


iron pipe, it appears that the values of the two friction factors are, respec- 
tively, 0.032 and 0.031, and that, consequently, the friction head should be 
about 1/32 or about 3 per cent smaller for the 74 F water than for the 63 F 
water. Since there may have been a slight error in the recorded water tem- 
peratures (which were taken in the upper portion of the supply tank) it was 
concluded that the method of measuring losses of head in this investigation is 
sufficiently accurate for the purpose for which it was performed. 

To determine the friction head of one union, the line EF, Fig. 5, was drawn 
to represent the friction of 70 F water in a standard 1-in. pipe according to the 
equation h = 0.006371)! -7787 taken from an earlier investigation by the author 
and published in University of Texas Bulletin No. 1759, page 31. 

The differences between the friction heads shown by the lines CD and EF are 
the friction heads due to two unions. From these differences it appears that the 
friction head of one 1-in. standard black union is 60 milinches when the velocity 
of the water in the pipe is 10 ips and that, therefore, one union is equivalent, 
approximately, to 0.5 elbows, in the resulting loss of head. 

The next seven series of tests were made with 0.027 in. copper plates,, having 
central circular orifices of 0.3 in., 0.4 in., 0.5 in., 0.6 in., 0.7 in., 0.8 in., and 
0.9 in. in diameter; one plate being placed in each of the two unions. The re- 
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sults of these tests were uniform except for the plates with 0.9 in. orifices. For 
this size orifice the friction head seemed to follow a law different from that ac- 
cording to which the friction heads in the other six plates varied. This differ- 
ence may be caused by the fact that the 0.9 in. orifice differs so little in size 
from that of the pipe in which it was placed, and the results for this size orifice 
are not reported in this paper.’ 

The results secured with the remaining six sets of plates are shown by the 
lines GH, IJ, KL, MN, OP, and RS of Fig. 5. It is interesting to note how 
accurately the observed values fall on the several lines shown on the figure. 

When these six lines were first drawn their positions and directions differed 
slightly from those shown in Fig. 5. It is evident, however, that the loss of 
head through these several orifices must follow some definite law; that is, the 
six lines must all either be parallel to each other or there must be a gradual and 
regular change in their inclinations; similarly, the values of the losses of head 
for a velocity of 1 in. (or for any other definite velocity) must vary according 
to some definite law. So, after the six lines had been drawn, a study was made 
of the several slopes and also of the several friction heads for a velocity of 1 ips 
and it was found that, by making very slight changes in the locations and in 
the slopes of some of the six lines, they could be drawn so that they would 
follow a definite law and still represent, as accurately as they had done before, 
the experimental values secured in the tests. The study referred to is not 
reproduced in this paper and the six lines shown in Fig. 5 are those which were 
determined after that study had been made. 

The line VW in Fig. 5 shows the tangents of the slopes of the several lines 
and the line XY shows the value of the loss of head for a velocity of 1 ips, both 
lines being plotted against the diameter of the respective orifices. 


Having determined these six lines with sufficient accuracy, the value of the 





: *After this paper had been published it was found that the clamping of the diaphragm orifices 
in the pipe unions had distorted the thin metal sheets to such an extent that the diameter of the 
0.9 orifice, for example, was enlarged fully 1/16 in. This distortion may be responsible for the 


failure to secure consistent results with the larger orifices. The smaller orifices were not affected 
in this manner. 
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loss of head through one orifice, the 0.5 in., for example, can be easily found; 
it is half the difference between the values shown by the corresponding line, KL 
in this case, and the line AB. These differences can be read directly from the 
diagram of Fig. 5, or they can be determined with greater accuracy by calcula- 
tions from the equations of the two lines. 


This was done for all six cases and the resulting losses of head are shown by 
the corresponding lines of Fig. 6 in which the losses of head are expressed in 
milinches and plotted against the velocity of the water in the 1l-in. pipe, ex- 
pressed in inches per second. It is evident from the diagrams of this figure 


that if the velocity of the water in the 1-in. pipe is 2 ips, the loss of head caused . 


by a 0.5 in. orifice is 150 milinches. 


To make the diagram of Fig. 6 more useful, the five dotted lines were added 
to represent the losses of head caused by the five corresponding orifices, namely : 
0.35 in., 0.45 in., 0.55 in., 0.65 in., and 0.75 in. The locations of these lines 
were determined graphically as shown in Fig. 8 by plotting the velocity of the 
water against the corresponding orifice for several losses of head, namely: 10 in., 
3 in., 0.7 in., and 0.2 in., and then finding, from the resulting curves, the veloci- 
ties corresponding to the desired orifices for the same losses of head. 


PRACTICAL APPLICATION OF RESULTS 


To explain the use of the diagram, let Fig. 7 represent a set of risers supply 
ing three radiators in a gravity circulation heating system. Let each radiator 
supply 10,000 Btu and let each radiator have 1-in. connections and no valves. 
Let the friction head through each radiator and through its connections to risers, 
i. e., from A to B, or C to D, or E to F, be 460 milinches. Let the temperatures 
of the water be 180 F and 160 F; the pressure head tending to force water 
through Radiator II will then be 996 milinches higher than that tending to force 
water through Radiator I. 


If the two risers connecting those two radiators are of 1%4-in. pipe, the fric- 
tion head in the 24 ft of 114-in. pipe wil} be 288 milinches; this is less than the 
available pressure head by 708 milinches, and it is necessary to provide 708 
milinches of additional friction. From the pipe chart it will be found that if 
10,000 Btu flow through a 1-in. pipe with a temperature drop of 20 F the velocity 
of the water will be 41% ips in the 1-in. pipe. 


Reference to Fig. 6 shows that for a velocity of 4% ips and a friction head 
of 700 milinches, a 0.5 in. orifice must be used. 


Similarly, the pressure head tending to force water through Radiator III is 
1992 milinches higher than that tending to force it through Radiator I. If 1-in. 
pipe is used for the risers from Radiator II to Radiator III, the friction head 
in 24 ft of 1-in. pipe will be 312 milinches. This, added to the friction head (288 
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milinches) in the 1%-in. risers, gives a total friction head of 600 milinches and 
that subtracted from the excess available pressure head (1992) leaves a balance 
of 1392 milinches, which must be provided to prevent Radiator III from robbing 
the two lower radiators of a portion of their share of the water. 
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Fic. 5. Losses or Heap DETERMINED BY MEANS 
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From Fig. 6 it appear that, for a velocity of 4% ips and a friction head of 
1392 milinches, a 0.45-in. orifice must be used in a union placed in the radiator 
connection. The experimental determinations described apply only to orifices 
in l-in. pipe and the diagrams of Fig. 6 should be used only for orifices in 1-in. 
pipe. 
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To make this paper more nearly complete, and to chéck the accuracy of the 
results, Fig. 9 was added. The diagram of this figure shows the results secured 
with circular orifices in 34-in. pipe in an investigation conducted by the Texas 
Engineering Experiment Station in cooperation with the A. S. H. V. E., and 
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Fic. 6. Losses or HEAp 1N CENTRAL CircutarR DIAPHRAGM 
ORIFICES IN 1-IN. Pipe DERIVED FROM THE EXPERIMENTAL 
VALUES SHOWN IN Fic. 5 


reported in the paper Pipe Sizes for Hot Water Heating Systems by Giesecke 
and Smith, presented at the Summer Meeting of the Society in 1929. 

In order to compare the results of the two investigations made at different 
times and by different methods, the line AB of Fig. 9 was drawn to represent 
the loss of head in a 0.3 in. orifice determined graphically from the values shown 
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in the diagram for 44-in., 5/16-in., and %-in., orifices by the method previously 
described and shown in Fig. 8. 


A test was then performed to determine, experimentally, the loss of head in a 
0.3 in. orifice in a 34-in. pipe by the method used to determine the losses of head 
shown in Fig. 6 for orifices in l-in. pipe; the results of this test fall so nearly 
on the line AB of Fig. 9 that it is impossible to draw a line through the points 
which differ materially from line AB. Since the losses of head for a 0.3 in. 
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orifice determined by the two methods are practically identical, it is safe to 
conclude that both methods of determining losses of head in diaphragm orifices 
are reliable and that the results of both are sufficiently accurate for all practical 
purposes. 


Finally, in order to compare the results of these investigations with those 
secured with circular diaphragm orifices in 4-in., 6-in., and 12-in. pipe and 
described in Engineering Experiment Station Bulletin No. 109 of the University 
of Illinois, the coefficients of discharge were calculated and the results recorded 
in Fig. 10. These coefficients were calculated as follows: 


For a 1-in. pipe, a 0.5-in. orifice, and a loss of head of 6 in., the velocity of the 
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water in the pipe is 12.5 ips, and the quantity flowing through the orifice is 
10.67 cu in. per second. The increase in velocity corresponding to a head of 
6 in. is 68 in. and the resulting velocity is 12.5 plus 68 in., or 80.5 ips. The 
corresponding quantity of water which would flow through the orifice is 15.8 


; , . 10.67 
cu in. per second. The coefficient of discharge is —--— or 0.674 as shown in 


15.8 
Fig. 10. 


A large number of these calculations were made and it was found that the 
coefficient of discharge is practically independent of the velocity of the water 
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but varies with the size of the pipe and with the ratio of the diameter of the 
pipe to that of the orifice, as shown in Fig. 10. 


The method adopted for these calculations is purely empirical and gives values 
which agree very closely with those quoted in Bulletin 109 of the University of 
Illinois referred to previously, when applied to the experimental data quoted in 
that bulletin. A method of calculating the coefficients of discharge which is 
theoretically correct cannot be applied in this case because the experimental data 
necessary for such calculations were not secured. 


The variation with this ratio was found to be regular for orifices smaller than 
0.8 in. when used in 1-in. pipe. The 0.8-in. orifice was evidently so large that 
its loss of head follows a different law from that governing the losses caused 
by the smaller orifices and this size should be excluded from a regular orifice 
table just as the 0.9-in. orifice was excluded in the earlier progress of this in- 
vestigation. 


A similar difficulty was experienced with the %-in. orifice in the 34-in. pipe. 
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The investigations at the University of Illinois indicate that it is difficult to 
secure precise measurements when the diameter of the orifice exceeds two-thirds 
the diameter of the pipe. 


The results shown in Fig. 10 for 1-in. and 34-in. pipe are so similar to those 
shown in the University of Illinois Bulletin No. 109 for 12-in., 6-in., and 4-in. 
pipe, and reproduced in Fig. 10 by dotted lines, that it seems possible to deter- 
mine the loss of head for any central circular orifice in any pipe with consid- 
erable accuracy by interpolation between the experimental values of these two 
investigations. 


CONCLUSIONS 


The loss of head in submerged central circular diaphragm orifices in pipes 
varies materially with the size of the pipe and with the ratio of the diameter 
of the pipe to that of the orifice and only very slightly with the velocity of the 
water. 

The losses can be determined very accurately and the resulting data used 
either to regulate the friction in a pipe line when the velocity is known or to 
determine the velocity and consequently, also, the quantity of water flowing 
through the orifice. 
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DISCUSSION 


F. A. NaGLter (WRriITTEN): Certain fundamental errors appear in the 
analysis on page 505 which lead one to distrust the reliability of Fig. 10. 
It does not appear to be a correct hydraulic procedure to add velocities in com- 
puting the value of the coefficient of discharge as Professor Giesecke has done 
on page 505. Hence, if the coefficients of discharge in Fig. 10 have been com- 
puted in the manner described, they are probably incorrect. The velocity head 
of the water in the pipe should be added to the head loss through the orifice, 
thus securing the velotity head corresponding to the speed of flow through the 
orifice. The writer thus obtains a velocity of approximately 69.2 fps through 
the half-inch orifice instead of 80.5 fps as obtained by the author in the example 
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given on page 505. Further computation will give a larger coefficient of dis- 
charge than that obtained by the author. 

A. W. Luck (Written): I can readily see the value of using orifices, but 
in these days when we have such keen competition and such a small margin of 
profit, we can hardly take the time to determine just what size orifice is neces- 
sary in order to secure certain results. In that case the charts presented will be 
very helpful and for that reason I am very much interested in this discussion 
and in the results presented. 


I would like to suggest that a study be made to determine the relative height 
of a riser necessary to circulate water to a certain point below the mains or 
below the heater. I have a number of installations where the radiation is below 
the level of the foundation of the boiler, and there is no fixed rule of determining 
height of the riser in order to circulate water below the level of the boiler or 
return mains. 


F. E. Giesecke (WritTTEN): Replying to Professor Nagler, Figs. A and B 
show, respectively, the method of testing employed at the University of Illinois 
and at the A and M College of Texas. In the Illinois tests the total loss of 
head, h,, and the maximum less of pressure head, /i,, were determined and an 


expression 
D* 2 
( 


was developed by means of which the coefficient of discharge could be calculated. 
In the Texas tests, the loss of head, h,, caused by the orifice, was the only quan- 
tity determined. The writer could think of no scientific method by which the 
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coefficient of discharge could be calculated from the loss of head, so he adopted 
this empirical method. 


By this method it was possible to calculate quite accurately the coefficient of 
discharge for the Illinois tests from the total loss of head. For four of the 
Illinois tests the average coefficient of discharge, calculated by the empirical 
method, differed by less than 2 per cent from the correct value. For example, 
for Illinois Test No. 195, the coefficient of discharge is 0.619; the value cal- 
culated by the empirical method is 0.626, or about 1 per cent too high. For the 
same test the value calculated by the method suggested by Professor Nagler is 
0.68 or about 10 per cent too high. Since the empirical method gives results 
which are practically correct for the Illinois tests, the writer believes that the 
results calculated for the Texas tests and Fig. 10, which is based thereon, are 
sufficiently accurate for all practical purposes. 


The only reason for presenting Fig. 10 was to show that the relation between 
the Illinois tests and the Texas tests is sufficiently close to justify interpolation 
between the two for intermediate pipe sizes. 


Another study of this relationship is presented in Fig. C. The authors of 
the Illinois tests have shown that for any given velocity the loss of head is 
practically dependent only on the ratio of the diameter of the pipe to that of 
the orifice. The line AB shows the loss of head in terms of that ratio, for a 
velocity of 24 ips, for 4-in., 6-in., and 12-in. pipe according to the Illinois tests. 
The line AC shows similar data for 1l-in. pipe, and the circles and crosses 
show, respectively, similar values for 34-in. and 1%-in. pipe according to 
the Texas tests. It is evident that in all cases the loss of head is a function 
of the ratio of diameters, as previously stated, and that the Texas values are 
somewhat lower than the Illinois values. This difference may be explained by 
assuming that the loss of head is a function not only of the ratio of diameters 
but also of the pipe diameter. It may be explained in part by the fact that for 
the Illinois tests the loss of head is the total loss which occurs between the 
points where the piezometer connections are made, whereas, in the Texas tests 
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the loss of head is that for the orifice only. In the Texas tests one series of 
experiments was performed to determine the loss of head between the two 
piezometer connections when the union without the orifice plates was used and 
a second series when the orifice plate was inserted. By subtracting the losses 
of head found in the first series from those found in the second series the 
losses of head caused by the orifice only were found. They are the losses which 
are shown in Fig. C. 


Replying to Mr. Luck, the writer believes it would be difficult to prepare 
rules by which pipe sizes may be determined when the radiator is placed below 
the heater or below the mains. Every individual case of such an installation 
can be easily designed. It is only necessary to select the pipe sizes so that the 
difference in weight of the water in the flow and return risers of the circuit 
will cause a pressure head equal to the friction head existing in the circuit when 
the water is flowing with the desired velocity. 
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CARBON MONOXIDE CONCENTRATION 
IN GARAGES* 


A. S. LancsporF’ anp R, R. Tucker,’ St. Louis 


NON-MEMBERS 


The results of cooperative research between the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS and Washington University 


"Te original purpose of the investigation described in this report was to 
discover what relation, if any, exists between the concentration of carbon 
monoxide, gasoline vapors, and other noxious gases in any part of a 
garage, and those structural features of the building which may have a bearing 
upon these data. It was originally intended to investigate a number of garages 
representing a variety of types of heating and ventilating equipment, such as 
direct steam heating, steam heating plus forced ventilation, gravity warm air 
heating, warm air heating with fans, and unit type heaters. After the beginning 
of the heating season in October, 1929, it was found after repeated visits to the 
garages selected for observational purposes that because of the mildness of the 
St. Louis winter practically all of them operate for the most part without using 
the heating equipment, and in most cases with open doors and windows, except 
for an hour or two about midnight. During the winter there was a period in 
December and January of exceptionally cold weather, and this time was utilized 
to the fullest extent to collect samples of air in the Henri Chouteau Garage, 
14th and Howard Streets. By the time this work had been completed the severe 
cold was followed by milder weather, precluding the possibility of additional 
work elsewhere, for the reasons cited. 

The garage in which conditions were studied was the only one of the types 
selected which is ordinarily operated with closed doors. Its general design and 
arrangement are shown by the floor plan, Fig. 1, and by the photographs, Figs. 
2,3, and 4. It has a maximum length of 365 ft and a width of 110 ft, the volume 
of the building being 588,000 cu ft. It is used to house the maintenance and 
repair departments of a transcontinental bus line. The main heating equipment, 
of the warm-air type with blower, is located on the basement level in the south- 
east corner of the building, at the point marked H in Fig. 1. The intake takes 


*This report covers one phase of an extended investigation of the subject of carbon monoxide 
concentrates in garages. It is proposed to carry on other phases later in a colder climate than 
St. Louis, 

1 Dean, School of Engineering, Washington University. 

# Assistant Professor of Mechanical Engineering, Washington University. 

Presented at the Semi-Annual Meeting of the American Society oF Heatinc anp VEN- 
TILATING ENGINEERS, Minneapolis, Minn., June, 1930. 
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Fic. 1—Henri CHouTeEAu GARAGE, 14TH AND Howarp Sts., St. Louis. 

Numsers INpICATE SAMPLING Stations. A, Motor Room; B, Stock Room; 

C, Paint SHop; D, WasH Rack; E, Grease Pit; F, BLacKsMITH SHop; 
G, Fan Room; anp H, HEATER 


place through an opening in the floor guarded by the grating shown in Fig. 3, 
and the discharge is near the ceiling of the main floor. This heating unit has 
a capacity of 58,000 cu ft of air per minute, corresponding to a change of air 
every ten minutes. Doors having an area of 391/3 sq ft are available for the 
admission of outside air to the fan, but they were not in use during the period 
covered by these observations. An average temperature between 50 and 60 F 
is maintained at all times. An auxiliary heater of the extended-surface blast 
type is located in the northwest corner of the building to assist in the heating 
during unusually cold periods. The circulation of air in the building is in gen- 
eral along the longitudinal axis (south) through the main gallery and toward 
the southeast corner. This was checked by testing with a smoke cloud of am- 
monium chloride. In the vicinity of the pits for repair and inspection, the cir- 
culation is toward the center aisle. 

The sampling stations, indicated by the numerals in Fig. 1, are about 50 ft 





Fic. 2. Exterior View 








CARBON MONOXIDE CONCENTRATION IN GARAGES, LANGSDORF AND TUCKER 513 


apart, and are located along four longitudinal sections of the building. The 
stations along the east and west walls are staggered with respect to those in the 
main aisles. All samples were taken at a height of 4 ft above the floor, using 
bottles of two liters capacity. The water in the bottles was first saturated with 
the air to be sampled. The samples were analyzed for CO content by the iodine 
pentoxide method described by Fieldner, Henderson, Paul and Sayers in connec- 
tion with the study of ventilation in the Vehicular Tunnels*. The apparatus for 
analyzing the samples is illustrated in Figs. 5 and 6. 

Table 1 shows the average concentration at the stations indicated, throughout 
a month of observation, the samples having been taken between 2 and 3 o’clock 


TABLE 1—AverAGE CO CoNCENTRATION 











Station CO Parts per 10,000 

1 2.23 

2 2.18 

3 2.23 

4 2.24 

5 1.96 

6 1.98 

7 1.96 

8 1.91 

9 1.94 
10 1.34 
11 1.44 
12 1.37 
13 1.72 
14 1.40 
15 1.95 
16 2.12 
17 ase 
18 ee 
19 2.11 
Fan Room 2.05 
ce 2.71 
Grease Pit 1.61 





in the afternoons. The samples were not taken daily, but only on those days 
when the doors had been closed during the greater part of the day. 


Samples were not taken at varying heights for the reason that the work of 
Randall and Leonhard‘ shows that where there is a marked movement of air 
the diffusion is complete. In their work there was no variation in CO content 
between samples taken at floor level and at a height of 5 ft above the floor. 


The work of J. S. Haldane® in connection with the London Underground 
Railways shows that a CO concentration of one part in 10,000 is the maximum 
that should be permitted when there is to be exposure for a considerable time. 
Accordingly, it may be seen from the results indicated by Table 1 that consid- 
erable discomfort on the part of workmen in the building may be expected. A 

i ng of Vehicular Tunnels (Report of U. S. Bureau of Mines, Journat A. S. H. V. E., 
om tAisation *Stadies of Garzeges, by W. C. Randall and L. W. Leonhard (Journat A. S. H. V. E., 


Oct., 1929). 
’The Action of Carbonic Acid on Man, Journal of Physiology, Vol. 18, 1895. 
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number of the men were questioned, and it was the general consensus that all 
suffered more or less, and that the effects were more noticeable when the tem- 
perature fell below the usual average. The majority of the men use aspirin to 
quiet the effects of the gas and reports of headaches and incipient nausea are 
common. 

The roof of the main bay of the garage is fitted with a series of skylights and 
ventilators, but at no time during the sampling period were these ventilators 
open. There is no doubt that conditions would have been much improved had 
more outside air been circulated. 

The average time required to take a sample was nearly 10 min, which is about 
the time to make a complete recirculation of the air in the building. Conse- 
quently, as samples are taken at different stations as the observer comes to 
them one after the other, the sample will represent different stages of the cir- 





Fic. 6—Gas ANALYsIs APPARATUS 


culation cyele. Under steady conditions of operation this will not introduce 
serious discrepancies, but where conditions are changing rapidly, due to frequent 
car movements and opening and closing of doors, variations would occur. For 
strictly comparable results, the sample should be taken simultaneously and at 
frequent intervals, but this is hardly possible in a busy garage, even if there 
were enough observers to carry out such a program. Probably the best that can 
be expected is a record of average conditions at any given point. 

The data presented in this report are not sufficiently extensive to justify final 
conclusions. It appears that the CO concentration increases as the fan intake 
is approached, and that elsewhere the concentrations in this particular building 
are higher than they should be. 


DISCUSSION 


A. C. Wittarp (Written): To the garage operator and mechanic, the 
concentration of carbon monoxide gas may become a matter of most vital 
importance, and if the conditions described in this paper are more or less typical. 
the problem merits much more serious consideration than it usually receives. 


It is interesting to note that the average concentration was about 2 parts of 
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CO per 10,000 parts of air, which is much too high for continuous exposure. 
Moreover, the ventilation system failed to provide anything like uniform dilu- 
tion of the monoxide gas, the concentrations varying by more than 100 per cent 
in different locations within the garage. Strangely enough, the higher CO 
concentration disclosed by this investigation occurred in the office. Incidentally, 
the office staff could endure such a condition better than the mechanics who 
are exercising and hence have a higher respiration rate than sedentary workers. 
Carbon monoxide absorption by the blood is augmented as the bodily activity 
is increased, hence workmen should be exposed to lower concentrations than 
non-workers for the same tolerance of CO in the blood, which is what really 
counts, 

E. K. Campsett: I do not think we want to take over the development of 
any instruments for measuring carbon monoxide. I am informed, however, 
that recording instruments have been developed and are in use in the Hoiland 
Tunnel. These instruments, although, they cost $1,000.00 apiece, are paying for 
themselves several times a year in cost of operating the plant. Of course, that 
plant is very elaborate and the cost of operation is great, so this scheme could 
not be applied to ordinary conditions. I would like very much to have the 
garage in St. Louis put in one of those instruments and control the ventilation 
accordingly, but the first thought that comes from Dean Langsdorf’s report of 
his tests is that we have exactly the same condition there that they have in so 
many mechanical ventilation plants over the country, that they are not operated. 
The provisions for ventilation are not used. It is one of the things that we have 
tried to take into account in the development of the regulations for fire 
prevention. 

Another thing that has been brought out very vividly by the experience in 
St. Louis, as Dean Langsdorf points out, is that these tests to be effective and 
to really let us carry on experimental data to learn what is needed to correct 
conditions when bad conditions are found, must be carried on in colder climates. 
So we are going to try to make arrangements with the Massachusetts Institute 
of Technology on some investigations in Boston. We do not know that we can 
do it yet but if they can be worked out that is probably where the tests will 
be made. 


Mr. Davis, a member of our committee, and who has been connected with the 
Holland Tunnel both during its construction and its operation since, has written 
me in part as follows: 

“Samples were taken 4 ft above the floor. As you know, carbon monoxide is 
lighter than air and therefore moves upward and in the case at hand the air 
currents are downward. In the experiments conducted by the Holland Tunnel 
Commission, under my supervision, we found that under similar conditions the 
carbon monoxide was passing the breathing zone of a man twice instead of 
once if the air currents were upward. In other words, the carbon monoxide 
would rise until encountered by a downward current when the carbon monoxide 
would be forced down again. I believe that is what happens in the case at hand 
and for that reason the samples should be taken at several heights.” 

We will plan to take that into consideration in future tests. 
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CONTROL EQUIPMENT FOR GAS. BURNING 
HEATING APPLIANCES 


W. E. Stark’, CLEVELAND, O. 
MEMBER 


HE American household has become mechanized in recent years. The 
domestic establishment has gone automatic. Pressing a button has relieved 
the housewife of many arduous duties, and has given the whole family 
automatic entertainment during the evening hours. And now, as a crowning 
achievement, automatic heat has appeared, leaving nothing else needed to make 
an evening in an American home wholly automatic, unless it be an automatic 
bridge player. 


Those words automatic heat, although applicable to heating as it is practiced 
in the industrial or commercial establishment, no less than to heating as prac- 
ticed in the domestic establishment, have their greatest significance when applied 
to home heating. They symbolize the emancipation of the man of the house, 
his wife, and his servants, from the drudgery of tending the fire, and from 
the occasional discomfort at times when the manually-controlled fire fails to 
keep pace with the vagaries of the weather. Nothing contributes in a greater 
degree to home comfort than attention-disdaining heating, and nothing con- 
tributes in a greater degree to the absent husband’s peace of mind than the 
knowledge that the heating plant will continue to function in his absence. 


Adaptability to automatic heating is not the exclusive prerogative of a single 
fuel. Gas, oil and coal are being successfully mechanized on a domestic scale. 
It is not the purpose of this paper, however, to draw any comparisons between 
these different fuels for obtaining automatic heating, but rather to survey, in 
a brief manner, the means available and utilized for harnessing one fuel, gas, 
and for making it one of the fuels adaptable to automatic heating as practiced 
in the modern mechanized home 


CLASSIFICATION 


Before considering the means by which control is secured, it may be well to 
consider the ends toward which those means are directed. The function of a 
controlling device as applied to a gas burning boiler or furnace is, in general, 





1 Research Engineer, Bryant Heater and Mfg. Co., Cleveland, Ohio. ; 
Presented at the Semi-Annual Meeting of the American Sociery oF Heatinc AND VEN- 
TILATING ENGINEERS, Minneapolis, Minn., June, 1930. 
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to regulate or to modify the rate at which the fuel is supplied to the main 
burners, in such a manner as either to maintain constant conditions, or to 
modify those conditions in accordance with a predetermined schedule. In order 
to accomplish that end the controlling means may be made responsive to certain 
independent variables, among which are: 


Gas pressure 
Time 

Pilot flame 
Boiler water level 


Room temperature 

Water temperature 

Air discharge temperature 
Outdoor temperature 
Steam pressure 


wp ON 
COND 


Certain of the controlling means responding to these variables may be desig- 
nated as operating controls, some as protective controls, and some as both. The 
controlling means enumerated can be classified as follows: 


Operating Protective 
Room Temperature Water Temperature 
Water Temperature Air Discharge Temperature 
Outdoor Temperature Steam Pressure 
Steam Pressure Pilot Flame 
Gas Pressure Boiler Water Level 


Time 


As a general rule, each control, or each function of control, is accomplished 
through the coordinate action of a controlling means and an actuating means. 
Controlling means in general usage today may be classified as: 


(a) Mechanically operated 
(b) Gas operated 
(c) Electrically operated 


DESCRIPTIONS OF CONTROLLING AND ACTUATING MEANS 


The action of a controlling means is invariably that of a valve which shuts 
off completely the flow of gas to the main burners of the boiler or furnace, or 
modifies or modulates it, and the controlling means itself is simply a gas valve 
with a construction that lends itself to actuation by some variety of actuating 
means. Fig. 1 illustrates a controlling means of the mechanical type; Fig. 4, 
one of the gas-operated type; and Fig. 9, one of the electrical type. 


The valve shown in Fig. 1 is essentially a globe valve, with a soft, gas-tight 
seat. It is opened and closed by the raising and lowering of a stem projecting 
through a stuffing box in the valve bonnet, and extending up into a case con- 
taining the various operating levers. By an ingenious arrangement of levers 
and pins, upward and downward movements of the outer extremity of the 
operating lever serve to open or close the valve gradually. Actuating means 
responsive either in changes in steam pressure or in water temperature can be 
adapted to produce this movement. (See Fig. 3.) The shut-off lever, to the 
outer extremity of which a weight is hung, closes the valve completely when 
room temperature demands are satisfied. To permit the valve to open, the 
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shut-off lever, with its attached weight, is held at the upper limit of its travel 
by a room-temperature controlled motor. Any standard make of room tempera- 
ture thermostat capable of controlling a motor, can be used to raise and lower 
this lever. The motor can be attached to the lever by a chain, or it can be 
mounted directly on a bracket attached to the valve. 


Fig. 2 shows how this type of controlling means can be actuated by boiler 
water level. A float chamber, serving also as a water column, is attached to 
the boiler above and below the water line. A float within the chamber, rising 
and falling with the water level, when in the position corresponding to a normal 








Fic. 1. MECHANICAL-TypE Gas VALVE SHOWING 
THERMOSTATIC Pitot BURNER 


water line permits a small crank supporting a weight to rest against a stop 
just beyond its vertical center. Dropping of the float, due to a subsidence in 
water level, causes the crank to be pushed through the small angle necessary 
to carry it away from the stop, and over center, whereupon the weight drops, 
depresses an extension of the valve stem, and closes the valve. On return of 
the water line to its normal level, the device may be reset, permitting the gas 
valve to be opened once more. 


Fig. 1 shows the application of control by the pilot flame to this type of gas 
valve. A tube containing a volatile liquid is wrapped around a cup that sur- 
rounds the pilot flame. This tube is connected by a piece of capillary tubing 
to a bellows located within the compartment housing the valve-controlling 
levers. Pressure created in the tube and bellows by the presence of a flame 


ha 
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at the pilot, within the cup about which the tube is wrapped, causes the bellows 
to expand. This expansion is sufficient to compress a spring which will allow 
the main valve to open in response to a demand for gas. Absence of flame at 
the pilot, and therefore absence of pressure in the bellows, keeps the valve from 
opening regardless of the condition of steam pressure, water temperature, or 
room temperature control. 





Fic. 2. MrCHANICAL-TyreE Low-WATER 
CoNnTROL 


Fig. 3 shows a gas burning steam boiler provided with mechanical control 
and also showing the different elements pointed out. 

Fig. 4 represents a gas valve of the gas-operated type. This valve consists 
essentially of a valve body containing a machined seat and suitable gas passages, 
to which is assembled a valve cover and a valve diaphragm which carries a valve 
disc. The valve contains in effect two chambers, separated by the diaphragm. 
The diaphragm is made of sheep-skin, extremely flexible, tanned by a process 
that makes it highly resistant to the action of the constituents of gas, and 
thoroughly impregnated with oil. The operation of the valve is due to differ- 
ences produced in the pressures exerted on the upper and lower sides of the 
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diaphragm. With gas pressure beneath the diaphragm and atmospheric pres- 
sure above it, the diaphragm with its valve disc will be raised, allowing gas to 
pass through the valve. If, on the other hand, gas equal in pressure to that 
beneath the diaphragm and passing through the valve is allowed to fill the 
upper chamber, the total pressures above and below the diaphragm become equal 
and the diaphragm and valve disc fall due to thgir own weight, thus stopping 
the flow of gas. With the valve seated, the area exposed to gas pressure on 
the upper side of the diaphragm becomes much larger than that so exposed on 


STEAM PRESSURE 
COVTROL 








Fic. 3. STEAM BOILER WITH MECHANICAL CONTROL 


the lower side, and the valve is held firmly seated by the preponderance of 
total pressure on the lower side. 

There are two or three modifications of this construction in use, but the 
operating principles of the different types are practically identical. The con- 
struction shown in Fig. 4 is used in the major proportion of such valves. 

To actuate this type of valve in response to changes in such conditions as 
boiler pressure, water temperature, water level, pilot flame, etc., it is only 
necessary that the changing conditions open or close a small valve which will 
admit gas to the upper chamber of the diaphragm valve when it is desired 
to close it. Conversely, the changing conditions must close this small valve 
when it is desired to have the diaphragm valve open. Fig. 5 shows an actuating 
means responsive to changes in steam pressure or water level. This device is 
connected to the steam boiler, above and below the water line and serves also 
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Fic. 4. Gas VALve or GAs-OPERATED 
TYPE 


as the water column. The small valve at the top of this assembly is opened 
either by increasing steam pressure, which compresses the bellows against the 
resistance of the movable weight on the arm, or by receding water level which 
operates through the agency of the aollow float and suitable connecting parts. 
Fig. 6 shows an actuating means responsive to changes in water temperature. 
The unequal expansions of a copper tube immersed in the water, and an alloy 
rod enclosed in the copper tube, operate to open or close a small gas valve that 
is a part of the assembly, thus closing or opening the diaphragm valve. Fig. 7 
shows a:pilot burner which includes a feature that makes it necessary for the 
pilot to be burning in order to permit the diaphragm valve to open. A bi- 
metallic strip, when heated by the pilot flame, permits the small gas valve 
that is a part of the pilot burner assembly to remain closed. Cooling of 





Fic. 5. GAs-OperATepD STEAM PRESSURE AND Low 
WatTER CONTROL 
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Fic. 6. Gas-OPpERATED WATER TEM- 
PERATURE CONTROL 


this strip, due to accidental extinguishment of the pilot, opens the small valve, 
permitting gas to reach the upper chamber of the diaphragm valve, thus 
closing it. This feature prevents wasting of unburned gas in the remote 
event of a pilot being accidentally extinguished. 

The device shown in Fig. 6 can with very few changes be used to control 
or limit the temperature of the air being discharged by a warm air furnace. 
The copper tube enclosing the alloy rod is inserted within the bonnet of the 
furnace and serves to prevent over-heating of the furnace in the event of 
circulation of air becoming restricted from any conceivable cause. For con- 
trolling the room temperature any of the usual varieties of room temperature 
thermostats can be used to actuate a small magnetic valve,:which when open 
will permit gas to enter the upper chamber of the diaphragm valve. 

The diaphragm valve can, if desired, be arranged so as to close gradually 
in response to increasing steam pressures, instead of closing completely when 
a predetermined maximum pressure is reached. On some classes of steam 
heating systems, this method of operation is advantageous. Fig. 8 shows a 





Fic. 7. THEerMostatic Pitot BuRNER 
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gas-burning steam boiler provided with diaphragm valve control, with the 
different elements pointed out. 

Electrical controls are, as their name implies, dependent on electrical current 
for their operation. The most usual type of electrical gas valve is shown in 
Fig. 9. It consists essentially of a globe valve body, with a rising stem carrying 
a rack which engages a pinion on the shaft of a small motor. Rotation of the 
motor, due to the completion of the operating circuit, draws the valve to the 


STEAM PRESSURE 
ANO LOW WATER 
CONTA OL 





Fic. 8. SteAM BorLer witH GAs-OPERATED CONTROL 


upper limit of its travel, whereupon the motor stalls and holds the valve open 
so long as the electrical circuit is complete. Breaking of the circuit, which may 
be caused by the action of room or water temperature thermostats, steam pres- 
sure controls, water level controls, or pilot burner thermostats, will cause the 
valve to close through spring action. The thermostats and other actuating 
devices used for this purpose are of comparatively well known construction. 


One piece of control equipment that is common to all completely equipped 
gas-burning heating devices is a gas pressure regulator, shown in Fig. 10. The 
purpose of the regulator is to maintain a constant gas pressure at the burner 
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orifices, regardless of variations in the pressure at which the gas reaches the 
premises. These variations in pressure are sometimes quite pronounced, particu- 
larly in the natural gas regions. Since there is one rate of gas supply at which 
the appliance will be delivering maximum efficiency and at the same time be 
burning the gas completely, it is essential that this one rate be maintained in 
spite of any fluctuations there may be in the street pressure. All gas burners 
are equipped with some form of metering orifice, so that by controlling the 
pressure on the inlet side of the orifice, the rate of gas flow may be controlled 
accurately. 

The usual regulator is of the diaphragm type, with the diaphragm supporting 
a balanced valve. The pressure on the outlet side of the balanced valve (the 
regulated pressure) is conveyed to the lower side of the diaphragm. The 
diaphragm and valve are loaded by a spring, and regulation is accomplished by 
virtue of a balance of pressure being secured between the gas pressure on 
the lower side of the diaphragm and the spring pressure above the diaphragm. 





Fic. 9. ELECTRICALLY- 
OPERATED GAS VALVE 


By varying the initial compression of the spring, the outlet gas pressure may 
be adjusted, and once adjusted it will remain constant to within a very small 
percentage, regardless of inlet pressure variations. 


APPLIANCE AND SYSTEM PERFORMANCE AS AFFECTED BY CONTROLS 


The effect of a controlling device on appliance or system performance may 
be considered in two lights, (1) the effect on the comfort of those persons 
who are living in the atmosphere created by the heating system, and (2) the 
effect on the overall economy of the heating system, the overall economy 
including not only the bare cost of fuel but also the fixed charges on the invest- 
ment and such service costs as are involved. On the one hand, there is an 
effect which is revealed only by the bodily sensations, and on the other, the 
price paid for that effect. As a general rule, so far as gas-burning heating 
appliances are concerned, the effect of a controlling method on fuel cost, that 
is, on appliance or system efficiency, is very small. After a gas-burning heating 
system is put under the primary control of a thermostat which maintains a 
substantially constant temperature within the heated space, the application of 
further controlling devices will produce very little change, in either direction, 
on the ratio of gas consumption to heating demand. The question thus becomes 
one of balancing the beneficial effect of a more or less complicated controlling 
arrangement against the fixed charges attributable to the first cost of the 
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arrangement and the added service, maintenance, and engineering costs. It is 
the writer’s opinion that in many cases where attempts are made to correct 
faults in heating by the application of special controlling devices, the trouble 
might better have been attacked at the source, which is more often found in 
the heat distributing system than in the heat generating apparatus. 

There is no need of discussing the effect of room temperature control on 
fuel economy. With an average heating season temperature of 35 F, and a 
desired indoor temperature of 70 F, each degree in excess of the desired 70 F 
means an addition of almost 3 per cent to the heat loss and therefore to the 





Fic. 10. Gas PressurE REGULATOR 


fuel consumption. A control, such as a room thermostat, maintaining a tem- 
perature that is in excess by a minimum amount of the lowest temperature com- 
patible with bodily comfort, leads to maximum fuel economy. The question of 
whether clock control of room thermostats, whereby a reduced temperature is 
maintained during certain hours, results in increased fuel economy, has received 
a great deal of discussion. The writer has proved to his own satisfaction that 
in at least one type of residence construction, the maintenance of a reduced 
temperature during the night hours produces a definite fuel saving. This is 
by no means a universal and conclusive answer, however, because the possible 
creation of a peak demand on gas distributing systems during the heating-up 
period in the early morning, as well as the possible service calls chargeable to 
the clock, must also be considered. 


It has already been pointed out that the automatically-controlled gas valve 
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may either shut off the flow of gas to the main burners completely, or shut it 
off only partially, by throttling or partially closing the gas valve in response 
to pressure or temperature changes. Arguments as to the effect on appliance 
efficiency of intermittent burner operation at full gas supply rate, against steady 
operation for longer periods at a reduced gas supply rate, are to no avail. 
Although a gas appliance operates at its maximum efficiency when it is burning 
gas at the rate for which it is designed, since at that rate the proper propor- 
tion of secondary air is drawn into the flame, the reduction in efficiency with 
a reasonable reduction in gas rate is so small as to be academic rather than 
real. The superiority, if any, of either method of gas control must be looked 
for in its effect on appliance operating characteristics and on the comfort of 
those living in the heated premises. 


This paper has touched the subject of gas boiler and furnace controls in a 





Fic. 11. ELectricatty- 
OPERATED AIR TEMPERA- 
TURE CONTROL 


very sketchy manner. It has not attempted to present any of the numerous 
ramifications in control arrangements which may be resorted to in order to 
secure special effects. It is limited to a very general consideration of only 
those varieties of control which may be regarded as standard; and those standard 
varieties of control have demonstrated their adequacy to handle at least 99 
per cent of all the gas appliance control problems encountered. 


DISCUSSION 


F. I. Raymonp: The statement is made in this paper that the types of 
controls discussed have demonstrated their adequacy to handle at least 99 per 
cent of all the gas appliance control problems encountered. Although this 
statement is probably correct, I believe that improvements can be made and 
that there are worth-while controls outside of those listed in the paper. 


Mention is made that outdoor temperature is one of the elements which can 
be used as an operating control. When outdoor temperature is used it has a 
tendency to even out the heating curve, to make the heat more continuous, 
instead of being a fluctuating load, hot radiators at one time and cold radiators 
at another time. 









528 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


The room thermostat, of course, should be used in residential heating, but it 
has the limitations attendant upon time lag between the increase in radiator 
temperature and the increase in room temperature during which the radiators 
can build up an unnecessarily high temperature and a period of overheating 
follows. The period of overheating may not be objectionable, especially in 
the case of a very small building, but in larger buildings controlled by a 
thermostat alone the overheating can be quite pronounced due to the larger 
time lag. By using outdoor temperature as a steadying hand, as it were, over 
the room thermostat, the heating curve can be ironed out materially. 
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ECONOMIC USE OF STEAM IN 
MODERN BUILDINGS 


By F. A. GuNTHER,’ PiTTsBURGH 
MEMBER 


APID progress has been made and is being made toward the simplification 
and perfection of the modern steam heating system, and yet with all the 
available highly efficient apparatus, very little has been accomplished in 

the reduction of overheating of modern buildings. The desirability of elimina- 
tion of any wasteful practice is, of course, admitted. From the standpoint of 
cost, the building owner is much interested and from the standpoint of con- 
servation of mineral resources there is again much favorable argument. Also 
from the standpoint of health, anything that can be done toward increasing 
resistance to colds and other respiratory diseases should certainly receive 
consideration. 

The essentials for heating modern buildings must be kept clearly in mind 
before attempting to predict or state the magnitude of overheating of any 
building or group of buildings. Probably the three most important features 
of a satisfactory heating system are: 


1. Proper distribution of the sources of heat within the space to be heated. 
2. Sufficient and continuous supply of good air. 
3. Regulation of temperatures within the comfort zone. 


With these three essentials properly taken care of, much can be done toward 
properly and economically operating a heating system. The building operator 
must learn where the heat supplied to the building is consumed. He should 
be taught that any building is considerably like a sponge or sieve, soaking up 
heat and dissipating it through a myriad of heat leaks. Warm air is lost from 
the building through cracks around window sash and frames and through 
the walls themselves. Heat is conducted through the walls and glass and radi- 
ated from these wall and glass surfaces of the building. The chimney effect 
should be thoroughly explained to him, which should show him why more heat 
must be supplied to the lower floors of the tall building and less to the upper 
floors. In any existing building, very little can be done to reduce the conduction 
and radiation losses; but, on the other hand, large losses due to excessive 
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air change can be eliminated by proper caulking and weather-stripping of 
all openings. 


With this much of the problem realized, the answer becomes tangible. Assum- 
ing that the construction of any particular building is known and the defects 
kept in mind, it becomes necessary to next find out what consumption of fuel 
should be expected to properly and economically heat the building. Much 
argument has resulted concerning the basis of comparison of heating consump- 
tion. Some engineers insist on comparing consumption on the basis of pounds 
of steam per cubic foot of volume. Others insist that the proper comparison 
should be on the basis of pounds of steam per square foot of equivalent direct 
radiation. The latter, in the writer’s opinion, is preferable, especially when 
one realizes that in buildings of today the radiation has been designed to carry 
a temperature of 70 deg for a certain minimum outside temperature and wind 
condition, and that the calculations include the amount of heat necessary to take 
care of a specified number of air changes per hour. Therefore, when com- 
paring heat consumptions on the basis of pounds of steam per square foot of 
equivalent direct radiation, the figures include not only radiation and con- 
duction losses from the building, but also take into consideration the net 
volume of the building for the purpose of air change. 


For many years, operators have been assuming that because any certain exist- 
ing building consumes, for instance, 500 lb of steam per square foot of equivalent 
direct radiation that it is being heated properly, that there is not too much 
overheating and yet a figure as high as this may show as much as 50 per cent 
excessive consumption due entirely to this one cause. The figure may be 
entirely correct and basically economical for a warehouse, but for an office build- 
ing with indirect or semi-indirect illumination and average occupancy, the heat 
from these two latter sources plus the other minor sources of heat in the build- 
ing, exclusive of the heating system itself, this figure is usually nearly twice 
too high. When proper credit has been given for heat supplied by lights, occu- 
pants, domestic hot water systems, risers, and other miscellaneous minor sources 
of heat, this figure becomes less than 300 lb per square foot per season. This 
does not mean that any building now using more than 500 Ib can be cut to 
300 Ib and all parts of the building properly heated, because there are innumer- 
able exceptions. On the other hand, the writer made a survey and analysis of 
over eighteen buildings in Pittsburgh which do not control the supply of steam 
with any extra intention toward economy and has found that the average amount 
of steam used by these buildings was 572 lb per square foot per average season. 
Yet, a number of these buildings are now being heated for less than 350 Ib 
and heated quite satisfactorily. 


For the building operator to determine what the fuel or steam consumption 
for any existing building should be, it is necessary first to make a few simple 
tests. First, the cooling rate for the building should be determined by taking 
indoor temperatures over a period of time with no steam turned into the radi- 
ators of the building. This should be done for several out-door temperatures. 
These tests should be repeated at the same out-door temperatures with different 
wind velocities. Similar data should be taken to obtain the rate at which the 
building can be reheated after it has cooled. With these data available, it will 
be quite simple to plot curves between the coordinates of time and out-door tem- 
perature and correcting factors for wind velocity which will indicate at a glance 
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at what time steam may be shut off a building in the’ evening and should be 
turned on in the morning. One or two readings taken at specified hours 
during the night will serve as a check on these curves and allow proper cor- 
rections to be made for excessive drops in indoor temperature due to any 
change in out-door weather conditions. In addition, accurate data can be taken 
on the amount of fuel necessary to maintain average indoor temperatures by 
following the indications given by the results of these tests. Considerable of 
the wastage of steam during the night hours when the building is not occupied 
can be eliminated in this manner. A large amount of discussion has prevailed 
as to whether or not it is practical to save fuel at night, but any one who has 
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operated a building and made tests with and without shutting off steam during 
the night hours, knows that it is usually possible to save fuel by shutting off 
the supply of steam at night. 


Fig. 1 illustrates theoretically what might be expected in the cooling of a 
building after the steam has been shut off on an average winter night. Indoor 
and out-door temperatures are both shown. The heating-up period for this day 
for an average building completely equipped with automatic temperature control 
requires about two hours. At the bottom is shown the steam consumption. 
Some idea of the proportionate savings by shutting off steam at night may be 
realized from comparison of area A with area B. Under the dotted line on 
the steam consumption portion of the chart is shown the amount of steam which 
would be consumed if the steam had not been shut off at night and the tempera- 
ture had been maintained at the day-time level. 

For the purpose of checking day consumptions the operator can plot the results 
obtained by dividing the daily steam consumption by the number of square feet 
of equivalent direct radiation in use in this quantity by a number of degree-days 
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for that particular day and plotting this amount against the number of degree- 
days per day. The resultant average curve drawn through these points should 
be hyperbolic and resemble that shown in Fig. 2. To properly regulate the 
temperature of a building during the hours of occupancy requires considerable 
attention on the part of the operator, yet it has been the writer’s experience 
that the time spent is returned in dollars and cents many times over. 


The supply of heat must at all times be adequate to keep the tenants satisfied, 
and stinting may result in extra work for the renting agent. On the other 
hand, a too liberal supply of heat is just as unsatisfactory and will result in a 
large number of open windows. Even without automatic control of tempera- 
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tures both day and night it is possible, as previously stated, to reduce the fuel 
consumption to a degree. But from the vast amount of data now available, it 
appears that more can be accomplished by installing automatic temperature con- 
trol equipment in the existing buildings and insisting upon its installation in 
the new buildings. There are a large number of automatic control devices 
manufactured today, each of which has its various points of advantage. These 
devices can be classified in two groups. First, those which control the tem- 
perature of the agent or medium of heat distribution and second, those which 
control the supply or quantity of the agent or medium. The second group can 
be further divided as follows: 


1. Unit thermostatic control obtained through the use of one automatic ther- 
mostat controlling the supply to the entire building. 


2. An amplification of. (1) or what is known today as the automatically 
controlled zone system. 


3. The more efficient result obtained from controlling groups of radiators. 
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4. The single radiator control. 


The question has been often asked—What is good automatic temperature 
regulation? It is the maintenance of any specified temperature continuously, 
accurately, and automatically, and involves an automatic apparatus that supplies 
just the amount of heat necessary for the individual room it is controlling and 
no more. When this control is established throughout the building there will 
be consumed only that amount of fuel necessary to properly heat the building— 
any less is stinting; any more is wasteful. While this is a fundamental theorem, 
yet it is quite probable that it includes the whole truth about automatic tem- 
perature control. 

The engineer of today designing buildings for tomorrow is neglecting his 
duty if he does not use every effort to include in his specifications the best type 
of automatic temperature control. Nor will he be quickly forgiven for this omis- 
sion by the owner and future builder who are rapidly learning the great advan- 
tages to be obtained from a comparatively small addition to the initial cost of 
their buildings in the addition of this type of equipment. 


Most of us have been guilty of installing radiation on courts and light-wells, 
assuming the same need for heat to be supplied to these locations as exists in 
the rooms with outside walls. Recent data show that the steam consumption 
of court radiation is approximately one-half that of outside radiation when 
calculated on the same basis. More information is needed to make a thorough 
determination along this line but certainly too much radiation has been used 
in the inside court rooms. 


Engineers have been accustomed to figuring indirect radiation equivalent to 
direct radiation in ratios of from two to one, to seven to one, and yet the steam 
consumption of indirect systems rarely shows more than an average of one 
and one-half to one. 


In the article entitled The Effect of Two Types of Cast-Iron Steam Radiators 
on Air Temperatures in Room Heating, by A. C. Willard and M. K. Fahnestock, 
which appeared in the March 1930 issue of Heating, Piping and Air Con- 
ditioning, the fallacy was pointed out of taking room temperatures 5 ft above 
the floor and yet nearly all heating specifications insist that temperatures be 
taken at this elevation. 

Looking back over the past 15 years, considerable progress has been made 
in designing more efficient and more satisfactory systems of heating and ven- 
tilating. The next 15 years will, no doubt, bring forth even more improve- 
ments, and the writer predicts that the heating system of the near future will 
be not only more efficient, but will give greater satisfaction, will be entirely 
pleasing to the eye—rather more of a decoration, easy to keep clean and com- 
pletely and automatically controlled. Positive and forced ventilating will be 
included as being as necessary as the supply of heat and the air will be really 
conditioned instead of just strained. 


DISCUSSION 


D. S. BoypEN (WRITTEN): Exception should be taken to the statement in 
the first paragraph where it says “and yet with all the available highly efficient 
apparatus, very little has been accomplished in the reduction of over-heating 
of modern buildings.” It seems to me that considerable has been done in the 
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last few years toward this end; for instance, the differential pressure system, 
the dual temperature control, balanced orifice, duo-stat system, the zone system 
or a combination of two or more of these systems. These systems are designed 
to eliminate waste in the use of steam, to furnish to the buildings in which they 
are installed only sufficient steam to make up for the heat loss. 


The author states that “large losses due to excessive air change can be 
eliminated by proper caulking and weather stripping of all openings.” The 
losses due to excessive air change have little to do with the economic use of 
steam, but they have considerable to do with the proper design and construc- 
tion of the building in which the steam is to be used. A steam heating system 
in a building may work perfectly and still large amounts of steam may be 
wasted. 

Quoting from the paper, “much argument has resulted concerning the basis 
of comparison of heating consumption. Some engineers insist on comparing 
consumption on the basis of pounds of steam per cubic foot of volume. Others 
insist that the proper comparison should be on the basis of pounds of steam per 
square foot of equivalent direct radiation. The latter in the writer’s opinion is 
preferable.” 


It is not generally conceded that the better method is to compare on the 
basis of pounds of steam per square foot of equivalent direct radiation. It is 
the experience of district steam heating system operators, especially those oper- 
ating large systems, that it is almost impossible to compare all buildings on the 
basis of square feet of equivalent direct radiation. On the other hand, the 
volume of the building is comparatively easy to obtain. 

The amount of radiation to be installed in buildings is calculated by different 
methods. For this reason we have adopted the practice of using the size or 
volume of the building for comparison. The volume at least does not vary. 
To say that a certain building requires 500 lb of steam per square foot of 
radiation per season means nothing unless we know the rule by which the radi- 
ation was figured. In comparing it with another building it means nothing 
unless the radiation of both buildings is figured by the same rule or formula. 

The term equivalent direct radiation might be acceptable if determined by a 
standard method, but a standard must also be used for every item that goes 
into the figuring of radiation. Manufacturers’ rating of radiators do not agree 
within 10 or 15 per cent. Near the end of the paper the author says, “The 
question has often been asked—what is good automatic regulation? It is the 
maintenance of any specified temperature continuously, accurately and automati- 
cally and involves an automatic apparatus which supplies just the amount of 
heat necessary for the individual room it is controlling and no more.” The 
automatic control should also be as simple as it is possible to make it. Experi- 
ence has taught that complicated methods or systems of control will get out of 
order and when they do there is a tendency to allow them to remain in that 
condition. 

The author’s remarks about “figuring the ratio of indirect radiation equivalent 
to direct radiation” are interesting, but it would also be interesting to know 
why the steam consumption of indirect systems rarely shows more than an 
average of 1% to 1. 

A suggested method of comparing the steam consumption of buildings: cal- 
culate the heat loss in Btu per hour for each building according to A.S.H.V.E. 
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GuipE standards. This is the heat loss after the building is heated and under 
stable operating conditions. Reduce to the number of thousands or millions of 
Btu. For example, if the calculated heat loss of a building is 500,000 Btu per 
an 500. Ad f 

1,000 or JUU. opt a term for 
this factor (Thermerg). The annual steam consumption divided by this factor 
will result in pounds of steam per unit. All buildings on the same degree-day 
line may then be compared directly. For comparison of buildings under differ- 
ent degree-day conditions reduce to pounds per unit per degree-day, then 
compare. 

G. W. Martin (WritTteN): This paper is of value to the building manager 
and engineer supervising the operation of buildings. It also brings to the 
attention of the designing engineer matters which are too seldom given any 
thought after the building is in operation. 





hour, the base for this building would be 


There appears to be some difference of opinion among engineers in New 
York as to whether the chimney effect in the so-called tower buildings will not 
be off-set by the increased exposure of such buildings. Observations are being 
made which will doubtless produce some interesting data. 


The writer agrees with the author that the comparison on the basis of square 
feet of equivalent direct radiation is a more reliable one than that on a volu- 
metric basis. 


The writer recently made an investigation comparing the use of oil and coal 
for residence heating, and decided that the consumption of coal or oil per 
square foot of installed radiation would be the best basis of comparison. The 
houses surveyed were of the usual suburban type, very nearly identical in con- 
struction. Where the consumption of coal or oil per square foot was unusually 
low, the amount of installed radiation was usually excessive. Where the con- 
sumption of fuel per square foot was found to be higher than usual, the writer 
proved to his own satisfaction that the amount of installed radiation was inade- 
quate. 


It is obvious that an excessive amount of radiation divided into the pounds of 
fuel consumed would give a lower amount of fuel per square foot, while the 
smaller amount of radiation divided into the fuel consumption would give a 
higher amount per square foot. In the writer’s opinion, therefore, a comparison 
of two buildings of the same size, construction and operating characteristics in 
the matter of service rendered, will determine whether or not a building is 
over or under-surfaced. 


A schedule was prepared by W. J. Baldwin, Jr., of the New York Steam 
Corp., as a check on the economy of steam usage in the various types of build- 
ings on the company’s service. Mr. Baldwin assumed one square foot of direct 
radiation for each 100 cu ft of space heated. This, of course, would bring the 
comparison down to a volumetric basis. In some buildings, however, it will be 
found that the ratio will run up to one square foot of radiation for each 125 cu ft 
ot volume. In these cases either the heating requirements are based on a tem- 
perature lower than 70 F or insufficient radiation has been installed. (The 
schedule referred to appears on page 378, the A.S.H.V.E. Gutpe 1931.) 


The question of saving fuel by shutting off steam at night is no longer debat- 
able. Even the average home owner knows that he can save fuel by using 
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some device to shut off the heat when he retires at night and turn it on again 
before he rises in the morning. 

As to automatic temperature control, no modern building is complete without 
some application of thermostatic control of the heat supply. The heating plant 
in the modern building should also be arranged in zones so that on occasion 
different sections of the building may be heated as needed. 

J. W. Meyer, Jr. (Written): The methods adopted in conserving heat in 
buildings have been discussed before this and other societies and methods of pro- 
cedure are fairly well established although not always practiced. The standard 
of comparison of the steam requirements of buildings is not so well established. 
The unit of comparison, either pounds of steam per square foot of required 
radiation or the pounds of steam per cubic foot of content of building, are fre- 
quently quoted as figures which might be expected to prevail under normal 
conditions. We, however, must differentiate between what a building should 
require, whichever unit of comparison is used, and the amount of steam neces- 
sary to satisfactorily service the building. 

In setting up standard, as for instance 350 lb of steam per square foot per 
heating season per square foot of required radiation, we set up a figure which 
the building operator must attain, even though it may be at the sacrifice of 
quality of service. 


Our present day distribution of space and the design of radiators does not 
always permit of a uniform distribution of heat throughout an entire building 
and it is practically impossible to design a heating system which will assure 
uniform temperature. We therefore resort to systems of control which appear 
to produce uniformity with a remarkable degree of success. 


A heating system properly designed and controlled will condense a definite 
amount of steam per unit of radiation or per unit of content of building under 
normal temperature conditions and normal operation, which then becomes a 
standard for that building and any variations will be the result of changes in 
temperature conditions and in method of operation. Owing to the variations 
in the characteristics of different buildings, this unit figure will vary for dif- 
ferent buildings and it would appear that the figure could be used only as a 
rough comparison of what might be expected. 


The figure of 500 lb per square foot of radiation has been discarded for a 
lower figure, in some instances as low as 300 lb per square foot. The question 
in my mind is, whether we are not sacrificing quality of service in order to 
maintain a standard figure. In other words, while 300 Ib per square foot may 
be a good figure to aim at, it may be attained only at the sacrifice of good 
service. 


The determination of the type of temperature control to be installed involves 
several factors: 

1. The steam consumption per unit of radiation or per unit of space heated. 

2. The character of heat regulation required. 

3. The cost of maintaining the control system. 

4. The initial investment in temperature control. 

5. The assurance of continuity of service of the temperature control equip- 
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Obviously, the temperature control system to adopt is one which attains a 
minimum steam consumption consistent with adequate heating service; a heat 
regulation which will prevent under or over-heating; a minimum maintenance 
cost; a minimum justifiable initial cost; and a continuance of service of the 
control system under all conditions of load and temperature. In selecting a 
control system, proper recognition should be given to each of these factors. 
Low steam consumption is not the primary factor. 


Except in the case of buildings purchasing steam, very little data on steam 
consumption are available, and the unit figures are therefore usually estimated 
on the basis of boiler efficiencies considerably higher than are found in actual 
practice. My experience indicates that estimates of fuel consumption of 
buildings are considerably in excess of the actual requirements. 


S. S. SAnrorp (WRITTEN): The author states that steam consumption of 
buildings should be compared on the basis of installed equivalent direct radia- 
tion. This method would be correct if the ratio of installed radiation to heat 
loss were constant for the buildings being compared. Unfortunately, this ratio 
varies considerably according to the extent to which an excess of radiation is 
provided. This is especially true in buildings heated by indirect radiation. 
Where heat loss data are not available, it has been the writer’s experience that 
comparisons based on building volume give more consistent results than those 
based on installed radiation. Such comparisons should be limited to buildings 
in the same class and allowance should be made for the shape of the building. 
Another basis of comparison is steam used per square foot of exposed surface. 





Fig. 2 would be less confusing if outdoor temperature were used in place of 
degree-days per day. The shape of the curve appears to indicate that steam is 
used wastefully in warm weather. This is because of the way in which degree- 
days are calculated. If the degree-days had been based on 70 F instead of 
65 F, the curve would have been more nearly horizontal. 





The degree-day should be based on the 24-hour average indoor temperature 
when a building is being operated with maximum economy. This will vary 
with outside temperature and will be different for different buildings depending 
on the temperature required during the day, required hours of heating and con- 
struction of the building. It is believed that in general the average temperature 
will be nearer 70 than 65 F. In the example given in Fig. 1, the average tem- 
perature appears to be nearly 70 F. 


With regard to automatic temperature control equipment, it should be pointed 
out that any control operated by indoor temperature is affected by open win- 
dows and is subject to tampering by room occupants, and may therefore cause 
the steam consumption to be higher than necessary. It is believed that better 
economy can be obtained through fractional heating of radiators by the use of 
radiator orifices with the control in the hands of the operating force of the 
building. 

In Fig. 1, the steam demand during the heating-up period is shown to be very 
high compared to that during the rest of the day. In the case of many build- 
ings, the amount of steam required in the morning is much smaller than indi- 
cated. Figs. 3 and 4, which are records from two Detroit buildings, are pre- 
sented to show that in some cases area A is almost non-existent. 


Mr. Raymonp: In regard to Fig. 2, I think some exceptions should be taken 
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to the curve shown. We find that approximately 31% times as much heat per 
degree-day is required at weather about 65 F outdoors as is required around 
zero outdoors. I can see no reason why we should expect a higher proportion of 
heat per degree-day in mild weather than in cold weather. In fact, a lower per 
degree-day consumption would be expected in mild weather than in cold weather, 
because there is more sunshine and usually a lower wind velocity in mild weather 
than in cold weather. 

The Indianapolis Power and Light Co. has made quite a study of the con- 
sumption per degree-day, and they have arrived at a rather unique and easy 
method of ascertaining whether or not a building is economically operated. 
They assume that very little heat, if any, is wasted in the most severe weather. 
By dividing the steam consumption of a building on a zero day, by 70, they get 
the steam consumption per degree-day. They figure then that if the building 
is economically operated they should get the same steam consumption per 
degree-day in mild weather as in cold weather. If it were possible to straighten 
out the curve of steam consumption per square foot per degree-day, we would 
effect an economy in mild weather. That, of course, is the only time we can 
effect a material reduction in steam consumption. 

It seems to me that if we put this chart in the hands of a building operator 
and asked him to compare his consumption with this chart, we would tend to 
wasteful performance rather than to economical performance because the line 
theoretically should be a straight line or should taper off at the bottom. 

There are a number of buildings in Indianapolis and Chicago in which the 
degree-day consumption is practically a straight line. In fact, in some build- 
ings it is actually less per degree-day in mild weather than in cold weather. 

Mr. Campau: In making comparisons of different classes of buildings at 
the Detroit Edison Co., we use the heated space, whereas I think most architects 
use the outside space, including penthouses and other outside parts of buildings. 

One of our reasons for abandoning the use of radiation in making compari- 
sons of steam consumption between several buildings and for using space instead 
is because we found that in buildings where there is a large proportion of indi- 
rect radiation, the indirect is likely to be used for a different number of hours 
than the direct radiation, Furthermore, if the speed of the fan is different than 
was intended when the computation for equivalent radiation was made, an 
error is introduced. In some cases, only a part of the installed indirect radia- 
tion is used, and in others, such as in some of the older theatres and churches, 
the fans are out of commission entirely and the direct radiation only is used. 

At the beginning and the end of the season the buildings which have the 
largest consumption per degree-day, as compared with consumption during the 
cold weather, are those which have a large water heating load. Naturally, when 
a large quantity of water is heated, it adds to the consumption per degree-day. 

F, D. MensinG: A step toward cubic content calculations by a heating en- 
gineer is a step back to our dark ages. In the past this system was commonly 
used and was known as the Mills System. No engineer today would use the 
Mills System, particularly so if he had ever had any experience with it. 

A building that I have in mind was figured by the Btu method and required 
4200 sq ft of steam radiation. The building was then designed to be insulated, 
the structure to all intents and purposes being the same in appearance and 
finish. It was again figured and 2500 ft of radiation was found sufficient. 
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It was finally constructed on the latter basis. Let us assume that two build- 
ings had been built, one according to the original plan, and one according to 
the final plan; that is, one with 4200 and the other with 2500 sq ft. The cubic 
content are the same, but the amount of radiation varies by 1700 it. 

Another peculiarity in this particular building was that one room averaged 
5 deg lower in temperature than the rest of the house. Investigation made by 
means of smoke bombs disclosed the trouble to be three high windows which 
leaked badly. Caulking overcame this difficulty and the room heated to the 
same temperature as the rest of the house. This house had a central thermostat 
controlling the heater. Now assume that 4200 ft had been installed in the in- 
sulated house. The fuel consumed due to this thermostat would have been 
approximately the same as if 2500 ft of radiation had been installed. This is 
obvious and requires no explanation and it is also just as obvious that there 
can be no actual relationship between cubic content and fuel consumption. 

There is only one way to figure radiation, and that is as laid down in THE 
Guipe. There is no one who is an engineer and has studied THe GuipE who 
cannot figure almost any heating problem and who cannot get any comparison 
he wants even that of chimney effect in high buildings, etc. Tur GuimDE is 
really a remarkable book. The trouble is that it is not used enough. It gen- 
erally lays around and accumulates dust. It has been my experience that a lot 
of arguments that we have after the job is done could have been avoided if we 
had stuck more closely to the tested methods of figuring heat losses outlined in 
Tue Guipe. I would suggest a greater familiarity with THe GuIpE, particu- 
larly in checking up papers presented at our meeting. 

I feel that Mr. Cassell can give us some enlightenment that may be very 
interesting on closing down plants entirely on certain periods and in trying to 
heat them up just before the building is used. We, as heating engineers, are 
dealing with a most delicate problem, the comfort of human beings. You can 
heat a building to 70 F, seat people in it and have them miserable so far as 
temperature goes. Mr. Cassell, I am sure, can give us some very interesting in- 
formation on this subject. 

J. D. Cassett: I copied the idea of Mr. Waters of Chicago in laying out 
plenum systems, and I had no trouble whatever in heating our buildings with 
the plain plenum system (single duct running to each classroom), with the 
exception of Monday mornings after a very cold Saturday and Sunday. We 
shut the heat off on Friday afternoon and had no trouble bringing the tempera- 
ture up to 70 F at the thermostat or the thermometer in connection with the 
thermostat. We would get 70 F whether on the inside wall or the outside wall, 
but I would get fifty reports of cold feet from various rooms. I overcame 
that by putting direct radiation under the windows opposite the air intakes, and 
particularly in the corner rooms. I did not have much trouble in the center 
rooms or just one-wall rooms, but where there were two walls to a room or a 
corner room, I invariably had trouble. We then copied the indirect system, 
reheating under each set of flues with indirect nests. We overcame somewhat 
this corner room defect by that system. I understand S. R. Lewis has a plan 
now whereby he can put in a plenum system by bringing three nests together 
and as one room goes up he shuts the heat off that one and then throws it all 
on two rooms and gets the heat from the three nests into one. 


PRESIDENT Harpinc: Load curves do not always go up, as temperatures go 
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down over comparatively short periods of time ahd do not always go down 
when the temperature goes up. From a theoretical standpoint it is a difficult 
problem to solve. 

Not long ago I received a letter from an architect stating that he had figured 
the radiation for a certain building in accordance with THe Guipe data. The 
amount calculated was installed and later it was found that a third of it could 
be removed. So I have a suspicion that the heat capacity and sun effect of the 
walls in that particular building had a considerable effect on the heating load. 


F. A. GuntHER: There is a lot of truth in Mr. Boyden’s statement regarding 
the amount accomplished toward the reduction of overheating. However, I call 
his attention to the fact that with the exception of schools, comparatively few 
large buildings were equipped during their construction with temperature con- 
trol systems during the last quarter century. The manufacturers have provided 
the highly efficient apparatus; it remains for the engineer to use it. I think 
his remarks and suggested method of comparing steam consumption of buildings 
are quite timely and should receive consideration by the Society. Messrs. 
Sanford, Raymond and Mensing make reference to Figs. 1 and 2 and wish to 
point out that these figures represent all of the steam consumption in any heating 
system including that in mains and risers. There are a number of systems 
and types of temperature control being used which shut off the supply of steam 
at the radiator only. The supply to the mains and buildings is often under 
manual control only. Under these conditions in mild weather, the loss from 
building risers and mains does very little toward increasing the temperature of 
the building and this is a constant loss as long as heat is turned on in the build- 
ing. Obviously, if the consumption in the mains and risers of any building is 
10 per cent of the total maximum consumption, then on a day on which there 
occurs only one or two degree-days, little, if any, steam will be consumed in 
the radiators, but the usual 10 per cent will be consumed in the risers. There- 
fore, the amount of steam consumed per degree-day is high in the mild weather. 
Further, assuming a constant consumption in the risers and mains of the build- 
ing at zero degree-days, if heat is on in the building, even though no steam is 
used in the radiators themselves, the total steam consumption in pounds per 
degree-day is infinite but reduces very rapidly during the mild weather. It is 
somewhat more difficult to picture the results with some of the other economy 
apparatus now available, but the results closely approximate in the majority of 
cases, the curve shown in Fig. 2. This is partly due in seme instances to the 
inability to hold constant and accurate temperature distribution throughout the 
entire building and steam saved by reducing its temperature or cutting off the 
supply to the mains and risers, is counterbalanced by the larger amount used 
due to the inability to hold the proper temperature distribution. Of course 
there are exceptions, the most important being a building which has uninsulated 
risers completely exposed to the space to be heated and these risers subject to 
automatic control. In this sort of combination, the curve begins to flatten out, 
but I have always found it higher in mild weather than average or cool weather. 

In conclusion, if this paper and the discussion has caused only a very slight 
increase in interest of this subject, I feel that it has been worth while. I sin- 
cerely hope that much additional information on this subject will be forthcom- 
ing from the various members of the Society. 
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